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TRANSACTIONS 


OF  THE 


AMERICAN  ELECTROCHEMICAL  SOCIETY 


PROCEEDINGS 


CONDENSED    MINUTES    OF    THE    TENTH    GENERAL    MEETING    OF    THE 

SOCIETY,    HELD   AT    COLUMBIA   UNIVERSITY,    NEW    YORK, 

OCTOBER    8   AND   9,    I906. 

(Number  of  members  registered,  32;  guests,  6;  total,  38.) 

SESSION  OF  OCTOBER  8th. 

The  meeting  was  called  to  order  at  lo  A.  M.,  at  Havemeyer 
Hall,  Columbia  University,  President  Hering  in  the  chair. 

Prof.  C.  F.  Chandler,  representing  Columbia  University, 
was  introduced  by  President  Hering,  and  asked  to  say  a  few 
words  to  the  members  of  the  Society. 

Prof.  Chandler:  Mr.  President  and  fellow  members  of  the 
youngest  scientific  organization  which  I  think  we  have  in  this 
country,  and  I  think  the  organization  which  is  going  to  prove,  if 
possible,  the  most  important ;  it  gives  me  great  pleasure  to  wel- 
come you  to  Columbia  University. 

I  have  not  prepared  any  speech  to  make  to  you.  I  was  simply 
asked  to  extend  a  welcome ;  but  there  are  many  ideas  that  natur- 
allv  associate  themselves  with  electrochemistry.  It  has  already 
worked  such  a  ^-evolution  in  many  branches  of  chemical  industry 
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that  it  seems  destined  to  change  entirely  the  character  of  a  large 
proportion  of  chemical  operations  which  we  have  in  the  past  been 
oDliged  to  bring  about  by  the  direct  aid  of  heat  and  by  the  direct 
application  of  the  most  ^renuous  physical  exertion  on  the  part  of 
the  workman. 

It  really  is  a  great  pleasure  to  enter  into  one  of  our  electro- 
chemical establishments  and  to  draw  the  comparison  between 
what  one  sees  there  and  what  one  saw  formerly  in  great  establish- 
ments where  similar  results  were  obtained. 

In  old  times  in  the  handling  of  metals,  heat  was  the  agent ; 
terrible  heat ;  scorching  furnaces ;  workmen  obliged  to  strip  to  the 
skin,  handling  enormous  heavy  rakes  and  hoes,  and  push  them 
into  those  terribly  hot  furnaces  to  rake  the  molten  metal,  expend- 
ing their  physical  energy  to  an  exhausting  degree  and  heating 
their  poor  bodies  until  they  became  feverish.  Now,  you  go  into 
an  establishment  like  the  Pittsburgh  Reduction  Company's  works 
and  there  is  hardly  anything  to  do.  Still  more  striking,  if  you 
enter  the  works  of  the  Castner  Company,  where  sodium  is 
being  manufactured,  or  the  Saltville  Company's  works  at  Niagara 
Falls,  where  caustic  soda  is  manufactured.  Those  works  illus- 
trate the  change  better  than  any  others. 

In  old  times  soda  Avas  made  by  treating  salt  with  sulphuric 
acid,  and  then  the  sulphate  of  soda  had  to  be  mixed  with  car- 
bonate of  lime  and  coke,  and  worked  over  in  reverberatory  fur- 
naces under  the  most  tiresome  conditions.  Now,  the  salt  solution 
circulates  automatically  to  a  series  of  tables.  The  dynamo, 
worked  by  the  power  of  Niagara  Falls,  furnishes  the  current  and 
everything  is  automatic ;  and  all  the  workman  has  to  do  is  once 
in  a  while  when  one  of  the  cells  get  out  of  order,  to  take  the  cover 
ofT  and  repair  it  again.  Instead  of  being  a  hard  work  it  is  really 
a  pleasure  for  the  workmen,  and  they  ought  to  be  willing  to  pay 
something  for  the  privilege  of  working  in  a  factory  of  this  kind. 

The  aluminium  factory  is  another  illustration  of  the  wonderful 
eflFect  of  electro-chemistry  in  accomplishing  economical  results. 
You  are  all  familiar  with  that  industry  and  know  how  many 
different  processes  were  attempted  and  how  strenuous  many  of 
them  were  and  how  dangerous  some  of  them  w^ere  on  account  of 
the  possibility  of  explosion.  And  then  Charles  ]\I.  Hall,  of  Ober- 
lin  College,  came  into  the  field  and  put  his  young  mind  on  the 
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problem  of  niakinj;  alumiiiiuin  and  studied  it  and  came  to  the 
conclusion  thai  the  uidy  way  was  to  make  use  of  a  solvent  for 
alumina,  free  from  water.  He  graduated  and  continued  his 
studies,  and  but  a  very  short  time  elapsed  before  he  hit  upon  the 
only  practicable  way  of  accomplishing  this  result  in  the  best  way 
that  has  so  far  been  discovered.  He  found  that  melted  cryolite 
would  take  up  alumina  to  the  extent  of  25  per  cent,  of  its 
weight,  although  Rose,  one  of  the  greatest  chemists  who  ever 
lived,  had  experimented  with  cryolite  and  had  actually  extracted 
aluminium  from  cryolite ;  but  had  failed  to  observe  that  cryolite 
was  a  solvent  for  alumina ;  and  when  St.  Claire  Deville  established 
his  aluminium  works  in  France,  he  actually  united  his  globules  of 
alumina  by  using,  among  other  things,  cryolite  as  a  flux  to  clean 
the  surface  of  those  globules,  and  yet  he  did  not  discover  that  it 
was  a  solvent  for  alumina,  and  it  remained  for  this  voung  col- 
lege student  to  start  out  to  find  a  solvent  and  to  discover  that 
melted  cryolite  was  an  admirable  solvent  for  alumina. 

And  the  next  step  was  whether  he  could  electrolyze  the 
aluminium  out  of  this  solution.  And  he  found  that  it  could  be 
done  w'ithout  any  difficulty  whatever,  and  on  reducing  the  discov- 
ery to  practice  he  found  it  was  not  necessary  to  apply  any  external 
heat ;  that  the  heat  developed  by  the  passing  of  the  current  was 
all  that  was  necessary  to  maintain  the  fusion  of  the  cryolite.  And 
so  this  problem,  which  had  engaged  the  attention  of  scientific 
chemists  for  over  fifty  years,  was  solved  by  this  youth  so  success- 
fully as  to  make  aluminium  a  rival  of  copper  in  the  industries. 

And  the  simplicity  of  the  whole  thing;  these  so-called  pots, 
receive  their  proper  current  of  electricity  and  they  receive  a 
proper  addition  of  alumina  from  time  to  time  and  the  process  goes 
on  from  hour  to  hour ;  and  every  morning  each  one  of  these  pots 
you  might  say  is  milked  like  a  cow%  and  they  tap  the  milk,  one 
hundred  pounds  of  aluminium  out  of  each  of  these  pots  that  has 
been  liberated  by  the  current,  and  all  the  workmen  have  to  do  is 
to  run  about  from  time  to  time  and  put  in  a  little  more  alumina. 

I  do  not  know^  how  much  Mr.  Hall  is  in  the  way  of  telling  of 
the  operations  of  those  furnaces ;  but  there  are  one  or  two  things 
which  I  think  I  may  tell  without  violating  any  confidence.  Of 
course,  that  melted  cryolite  is  very  hot  and  it  is  very  scorching 
to  the  workmen,  and  in  looking  after  some  way  to  protect  the 
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men  from  the  heat,  the  remarkable  discovery  was  made  by  Hall 
that  when  pulverized  coke  was  put  on  the  melted  cryolite  it  does 
not  wet  it.  The  pulverized  coke  sheds  melted  cryolite  just  as  a 
duck's  back  sheds  water,  and  no  matter  how  much  you  stir  the 
coke  up  with  the  melted  cryolite  it  always  comes  up  to  the  top 
and  is  dry  and  black,  and  that  preserves  the  heat  and  serves  as  a 
comparative  non-conducting  barrier  between  the  heat  and  the 
face  of  the  workmen. 

The  alumina  can  be  sprinkled  on  top  of  that  pulverized  coke 
and  lie  there  until  it  is  wanted,  and  the  heat  is  sufficient  to  thor- 
oughly dry  it.  And  then  Hall  invented  a  most  ingenious  scheme 
to  find  out  when  the  bath  required  more  alumina.  Hall  put  a  little 
incandescent  electric  light  in  circuit  between  the  cathode  and  the 
anode.  The  lamp  requires  about  twenty  volts.  It  only  takes 
about  seven  volts  of  current  to  overcome  the  resistance  and  elec- 
trolyze  the  alumina.  So  as  long  as  the  bath  contains  alumina,  the 
lamp  fails  to  emit  any  light.  But  when  it  is  necessary  to  introduce 
more,  then  the  resistance  rises  and  it  takes  over  twenty  volts  to 
carry  the  current  through.  That,  of  course,  is  sufficient,  for  the 
lamp  which  flashes  and  the  workmen  who  are  always  on  the 
watch  sing  out  "There  she  blows,"  and  the  workmen  immediately 
hurry  to  that  particular  pot  and  all  they  have  to  do  is  to  stir  the 
alvimina  on  top  of  the  coke  into  the  bath  and  everything  goes  on 
smoothly. 

This  is  the  thought  that  came  into  my  mind  as  I  was  invited  to 
say  something  to  you ;  the  wonderful  effect  of  electro-chemistry  in 
simplifying  these  metallurgical  operations,  of  accomplishing  the 
same  results  in  a  great  deal  better  way  and  saving  the  expense  of 
the  wear  and  tear  on  the  human  beings  who  are  obliged  to  watch 
the  apparatus  and  the  machinery. 

I  think  therefore,  it  is  a  very  valuable  addition  to  our  profes- 
sions to  have  electrochemistry  as  a  special  combination  of  chem- 
ical with  physical  science  and  engineering. 

Of  course,  every  time  a  new  association  of  this  kind  is  formed, 
the  members  of  the  old  association  are  a  little  sorry.  When  we 
proposed  to  have  a  Chemical  Society,  the  old  Lyceum  of  New 
York  was  very  unhappy  about  it.  A  few  devoted  men  had  been 
struggling  along  for  years  in  New  York  City  to  encourage  an 
interest  in  science,  and  a  few  devoted  scientists  had  been  in  the 
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habit  of  meeting;  iti  ;i  little  room  downtown  and  callinj^  themselves 
the  Lyceum  of  Natural  History.  Of  course,  as  the  name  indi- 
cates, they  devoted  their  time  chiefly  to  discussing  bugs  and  every 
kind  of  animal  and  plant,  and  the  chemists  did  not  find  it  partic- 
ularly interesting.  The  chemist  would  deny  himself  some  social 
entertaiimient  and  go  down  and  meet  a  dozen  enthusiastic  zoolo- 
gists, and  they  would  talk  about  the  difference  in  the  shapes  of 
clam  shells  from  different  parts  of  Long  Island ;  and  so  the  chem- 
ists concluded  that  it  would  be  a  good  thing  to  have  a  chemical 
society,  and  they  were  lachrymose  in  the  other  society.  They  felt 
we  were  deserting  the  flag.  .  And  when  the  Electrochemical 
Society  was  started  there  were  some  tears  shed  in  the  Chemical 
Society  for  fear  that  it  would  diminish  interest  in  our  society , 
but  I  do  not  think  it  will  have  that  effect. 

You  know  the  EngHsh  people  who  celebrated  the  jubilee  of 
Sir  William  Perkin,  were  very  unhappy  when  they  heard  we  were 
going  to  have  a  jubilee  over  here.  They  said,  "Come  over  to 
England."  Well,  very  few  people  could  go  to  England  for  that 
purpose.  They  became  reconciled,  however.  When  we  were 
going  to  have  a  jubilee  here,  the  Boston  chemists  thought  they 
would  not  come  here,  but  have  a  jubilee  in  Boston.  We  were  a 
little  disappointed  at  first,  but  we  said  afterwards,  it  is  all  for  the 
good  of  the  cause,  which  is  to  honor  Sir  William  Perkin,  and  to 
magnify  the  importance  of  chemistry.  Whenever  we  can  get 
together  in  any  locality  whatever,  it  helps  the  cause,  and  the  more 
societies  of  this  kind  that  we  can  have  the  better  it  is  for  the 
cause  of  science ;  the  value  of  science  will  be  more  thoroughly 
recognized  and  support  will  be  given  to  scientific  and  educational 
enterprises ;  so,  as  one  of  the  earliest  members  of  the  American 
Chemicar  Society,  I  congratulate  you  gentlemen  on  having  united 
to  form  an  Electrochemical  Society,  and  I  am  proud  to  have 
become  a  member  of  it,  and  I  welcome  you  to  Columbia,  and  the 
oftener  you  come  and  the  longer  you  stay,  the  better  we  shall 
like  it.     (Applause.) 

The  President:  In  the  name  of  the  Society,  I  thank  Professor 
Chandler,  for  his  kindness  in  extending  the  hospitality  of  Colum- 
bia University  to  this  Society  by  inviting  us  to  hold  this  meeting 
in  its  halls. 

The  following  papers  were  then  read  and  discussed  as  printed 
in  full  in  the  Transactions : 
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"Formula  for  the  E.  M.  F.  of  a  Helmholtz  Concentration 

Cell,"  by  Prof.  Henry  S.  Carhart. 
"Msible    ^ligration    of    Particles    Between    Electrodes,"    by 

Carl  Hering. 
'*Some    Small    Laboratory    Appliances    for    Electric    Fusion 

Work,"  by  S.  S.  Sadtler. 
"Copper  Cathodes  in  Xitric  Acid,"  by  G.  H.  Cole. 
"Alelting  Points  of   Some   Cryolite-Alumina   Mixtures."  by 

F.  R.  Pyne. 
"Some  Factors  Affecting  the  Distribution  Laws,"  by  H.  E. 
Patten.  Ph.D. 
At  1.30  P.  ^l.  luncheon  was  served  at  Columbia  University. 
At  2.30  P.  AL.  at  the  College  of  the  City  of  New  York.  Prof. 
Charles  Baskerville  delivered  a  lecture  on  "Ultra-\"iolet  Light  in 
the  Laboratory  and  in  Practice,"  followed  by  a  discussion. 

After  the  lecture  the  large  Edison  Electric  Lighting  Station, 
was  inspected,  where  a  large  number  of  5,000  Kilowatt  turbine 
generators  and  other  interesting  features  were  seen. 

In  the  evening  a  dinner  at  the  Liederkranz  Hall  was  partici- 
pated in  by  about  thirty-three  members,  including  a  few  guests. 

SESSION  OF  OCTOBER  ''th. 

The  following  papers  were  read  and  discussed,  as  printed  in 
full  in  the  Transactions  : 

"Pyrometers.  Theoretically  and  Practically  Considered,  with 
Remarks  on  the  Definition  of  Temperature,"  by  Dr.  E.  F. 
Roeber. 
"A  Thermo-Electric  Pyrometer  for  General  Industrial  Appli- 
cations." by  F.  F.  Schuetz. 
"The  Heraeus  Le  Chatelier  Pyrometer,"  by  Dr.  R.  Moldenke. 
Discussion  on  Pyrometry,  by  R.  S.  Whipple. 
Communicated   Discussion   Descriptive   of   the    Price    Pyro- 
meter, by  Elec.  Dental  Supply  Co. 
Discussion  on  Special  forms  of  Pyrometers,  by  R.  P.  Brown. 
"The  Decker  Primary  Battery,"  by  Prof.  F.  B.  Crocker. 
After  the  adjournment  of  the  meeting,  experiments  with  the 
different  Pyrometers  were  performed. 

In  the  afternoon  about  thirty  members  visited  the  works  of  the 
American   Smeltinsr  and  Refining  Co..  at  Maurer   Station,  near 


ru(K"i:i:i)i.\c.s.  7 

l\rth  Anil)i)y.  X.  J.,  where  Mr.  Enicrich  slu)\ve(l  iheni  the  large 
plant  for  the  electrolytic  refining  of  copper,  and  the  Moebius 
silver  refining  process,  which  were  of  great  interest  to  most  of 
the  members  who  took  part  in  the  excursion. 

In  the  evening  the  members  were  invited  to  be  present  at  a 
smoker  given  to  Sir  William  Henry  Perkin  by  the  chemists  of 
New  York  Citv. 
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DA  VIES,  M  I..  (Sept.  4,  '03)  Sec.  and  Treas.  The  North  Amer.  Chem.  Co..  Bav 
City,   Mich. 

DAVIS.  D.  I,.  (Aug.  7,  -02)  gupt.  The  Salem  Elec.  L.  and  P.  Co.;  res.  299  Lincoln 
Ave.,   Salem,  Ohio. 

DAVIS  Wm.  II.  (Sept.  17.  '03)  Metallurgist  and  Mill  Supt.,  Idaho  Gold  Coin  M 
and  M.  Co.;  res.   1720  Spruce  St.,   Boulder,   Colo. 

DECKER,  Frank  A.  (Oct.  G,  '06)  Gen.  Mgr.,  Decker  Elec.  Mfg.  Co..  2011  Bellevue 
St.;   res.   3314   N.   20th   St.,   Philadelphia,   Pa. 

DEEDS,  E.  A.  (Nov.  6,  '02)  Asst.  Gen.  Mgr.  National  Cash  Register  Co.,  319  Cen- 
tral Ave.,   Dayton,   Ohio. 

1^^,^^,^,^'r^'J^'^^'   ^'"-   ^-    *^''^-   5.   '03)    .Tunghofstrasse  14,   Frankfurt  alM,   Germany. 
DENNIN    Prof.    L.   M.    (Sept.    4.   '03)    Cornell   Univ..    Ithaca.    N.    Y. 
DENNISON,  C.  H.   (Feb.  6,  '04)  Chemist,  Revere  Rubber  Co.,   S  Vi   John  St.,  Chelsea. 
Mas.s. 

DEVEREUX,  Washington  (Jan.  6,  '06)  Inspector,  Phila.  Fire  Underwriters' 
Association.    1625  N.   2itth   .St.,   Philadelphia.    Pa. 

DEVINE,   J.   P.    (May   9.   '03)    312   Mooney-Brisbane  Bldg.,   Buffalo,   N.  Y 

DEVLIN,  S.  B.  (Jan.  8.  '03)  Chief  Asst.  and  Dir.  of  Lab.  of  Dr.  Paget.  1.-.6  W\ 
13th   St.,    New   York. 

DEWEY,  F.  P.  (Apr.  2,  '04)  Assayer  to  the  Mint  Bureau,  Lanier  Height.s,  Wash- 
ington, D.   C. 

DIVINE,  Wm.  P.  (Oct.  6,  '06)  Lab.  Asst.,  Decker  Elec.  Mfg.  Co.;  res.  2102  Tioga 
St..   Philadelphia,  Pa. 

DODGE,  Norman  (Apr.  3.  '02)  Mergenthaler  Linotype  Co..  Tribune  Bldg.,  New 
York. 

DOERFLINGER.    W.    F.     (July    3,    '02)    Chief    Chem.    Acker    Process    Co..    Niagara 

Falls,  N.   Y. 
DOGGETT,  C.   S.    (Apr.   3,  '02)   Clemson  College,   S.   C. 

DONEY,  D.  C.    (Apr.  3,  '02)   De  Lamar  Copper  Ref.  AVorks,   Cartaret,   N    J 
DOOLITTLE,    C.    E.    (May    9,   '03)    Mgr.    and   Elec.    Eng.,    The   Roaring    Fork    Elec 

Light  and  Power  Co.,  Aspen,    Colo. 
DOREMUS.   Dr.    Chas.   A.    (Apr.    3,   '02)    55   W.    53d  St.,    New   York 
DOW,   Herbert  H.    (Apr.   3.   '02)   Midland,   Mich. 

DRAKE,   P.   E.    (June  6,   '03)    45   Rue  de   I'Arcade,   Paris.   France 
DREYFUS.    Dr.    Wm.     (Dec.    4.    '02)    Chem.    and    Mgr.    West    Disinfecting    Co.,    162 

E.   95th  St.,  New  York. 
DROBEGG,   Dr.   Gustave    (Jan.   S,  '03)   11   Bartlett   St.,   Brooklyn,    N.   Y.;    New   York 

office,    81  Maiden  Lane. 
DRYER,    Ervin    (Sept.    4,    '03)    Salesman    and    Eng..    W,    E.    and    Mfg.    Co  •    res     "S 

Ogden  Ave..   Chicago,   111. 
SHS^S^'' ■  ^'"-  *^-  ^-    '•^^y  ^'  '03^   Chem.  Pa.   R.   R.   Co..   Drawer  156,   Altoona,   Pa. 
DUDLEY.  Prof.  Wm.  L.    (Jan.   8.  '04)   Prof,   of  Chemistry.   Vanderbilt  Univ..   Nash- 
ville. Tenn. 
DUNCAN,   Dr.   Louis    (Sept.   4,   '03)   Consult.   Elec.   Eng..    56  Pine   St.,   New  York 
DUNCAN.    Thos.    (Nov.    6,   '03)    Vice-Pres.   and   Gen.    Mgr.,   Duncan   Elec.    Mfg     Co. 

317   S.   6th  St.,  La  Fayette,   Ind. 
DUNN,    C.   E.    (Apr.    3,    '02)    Counsellor-at-Law,    13-21    Park   Row,    New   York. 
DURANT,   Edw.    (Apr.   3,   '02)    115   E.   26th   St..   New  York. 
EARL.    Wilber    T.    (Sept.    4.    '03)    Acker   Process    Co.;    res.    IS    Thomas    St.,    Niagara 

Falls.   N.   Y. 
EASTERBROOKS.   F.   D.    (Apr.   3,  '02)   Raritan  Copper  Works,   Perth  Ambov,   N     J. 
EDISON.   Thos.   A.    (Apr.   4.   '03)   Orange,   N.   J. 
EDMANDS.    I.    R.     (Aug.    7,    '02)    Elec.    Eng.    Union    Carbide    Co.,    Sault    Ste.    Marie, 

Mich. 
EDSTROM,  J.  Sigfrid   (Nov.   5,  '04)   Managing  Dir.,   General  Electric  Co.   of  Sweden, 

Vesteras.   .Sweden. 
EGGEhS.  H.   E.   (July  1.  '04)   Asst.   Chem..   812  AV.   Johnson   St..   Madison,   Wis. 
EGLIN.  Wm.    C.   L.    (July   1,   '04)   Elec.   Eng..   235   S.    42d  St..    Philadelphia,   Pa. 
EIMER.  A.    (Dec.   4,   '02)   Eimer  &  Amend,   205-211   Third  Ave..   New  York. 
ELLIOTT,  A.   H.    (Apr.   3,  '02)   Cons.   Gas  Co.,   4  Irving  Place.   New  York. 
ELY,    Theodore    N.    (Apr.    3.    '02)    P.    R.    R.    Co.,    Chief   of   Motive   Power.    Broad    St. 

Station.  Philadelphia.  Pa. 
EMERY,   A.   L.    (Apr.    3.   '02)    Chem.    and   Min.    Eng..    Room   426   Crossley   Bldg.,    San 

Francisco.   Cal. 
EMRICH,   H.   H.    (May  7,  '04)   Supt.   copper  refinery,   Perth  Amboy  plant,   A.   S.  and 

R.    Co.,   Maurer.   N.   J.;   res.    142   Water   St..    Perth   Ambov.    N.    J. 
ENGELHARDT.  AMctor  (Dec.  4.  '02)  Charlottenburg,  Schlos.sstrasse  11,  2,  Germany. 
ENGLE,   Simon  G.    (Feb.   4,  '05)   127  W.   Gilman  St.,   Madison,  Wis. 
ERNST.   C.  A.    (Nov.   6.  '03)   Lansdowne,   Pa. 

EVANS.   H.   S.    (Apr.   3.  '02)    Prof.   Elec.    Eng..   Univ.   of  Col..    Boulder,   Col. 
EVANS,   J.  W.    (Apr.    3,   '02)   Civil   and  Min.   Eng.   Cobalt,    Ont.,   Can. 
EWIN.  Jas.   L.    (Nov.   G,   '02)    Patent   S.olicitor.   900   F  St.,    N.    AA'.,   AVashlngton,   D.    C. 
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EWING,  A.  J.   (Apr.   2.  '0*)  Electrical  Expert,   15S  Rye  Hill,   Xewcastle-upon-Tyne, 

England. 
F.\HRIG,   Ernst   (Sept.   4,  '03)    1017-18  Betz  Bldg.,   Philadelphia,   Pa. 
F.\LDING,   F.   J.    (Apr.    3,  '02)    Consult.   Eng.,    55   Broadway,    New   York. 
FERNBERGER,   H.   M.    (Jan.   8,  'Oi)   Chemist.   Dollar  Bay,   Houghton  Co.,  Mich. 
FERRY,  Prof.   Ervin   ^Apr.   16,  '03)    Prot.  of  Physics,   Purdue  Univ.;   res.  622   Ferry 

.St.,   La  Fayette,   Ind. 
FINCK,    Albert    (Mar.    5,    '03)    Instructor    in    Chemistry,    Case    School    of    Applied 

Science;    res.    92    Streator   Ave..    Cleveland,    Ohio. 
FINNEY,   Chas.   E.    (Oct.    10,   '03)    The  Arizona  Smelting  Co.,   Prescott,   Ariz. 
FITZGERALD,   F.   A.   J.    (Apr.    :j.   '02)    FitzGerald  .S;  Bennie   Laboratorie.s,   Niagara 

Falls,   N.  Y. 
FITZGIBBON,  R.    (Apr.   3,  '02)   534  Canal  St.,   New  York. 

FLANDERS,   Louis  H.    (Apr.   3,   '02)   Westinghouse  Machine   Co.,   Pittsburgh,    Pa. 
FLEMING,    R.    (Apr.    3,   '02)    14S    Elmwood   Road,    Swampscott,   Mass. 
FLIESS,   Robert  A.    (Sept.   4,   '02)    21  S.   Clinton  St.,   E.   Orange,   N.   J. 
FOERSTERLING,   Dr.  Hans   (Apr.   3,  '02)   Roessler  &  Hasslacher  Chem.   Co.,   Perth 

Ainboy,  N.  J. 
FOREGGER,    Richard    von,    Ph.D.     (Sept.    2,    '05)    care    of    Roessler    &    Hasslacher 

Chem.   Co.,    ICO   William   St.;   res.   48   E.   87th   St.,   New   York. 
FOWLER,    R.    E.    (Nov.    6,    '03)    Chemist,    The    National   Electrolytic    Co.,    Niagara 

Falls.   N.   Y. 
FO'^^'LER,    Samuel   S.    (Apr.    3.   '02)    Mining  Enginear,    P.    O.   Drawer   1024,    Nelson, 

B.   C. 
FRALEY,   Jos.   C.    (Apr.   3,  '02)   Atlorney-at-Law,   1815  Land  Title  Bldg. ;   res.    1833 

Pine  .St.,   Philadelphia,  Pa. 
FRANCHOT,  S.  P.    (Sept.  4,  '02)   Gen.  Mgr.  The  National  Electrolytic  Co.,   Niagara 

Falls,   N.   Y. 
FRANKFORTER,  Prof.  G.  B.   (Apr.  3,  '02)  Univ.  of  Minnesota,  Minneapolis,  Minn. 
FRANKLIN,   Prof.   W.   S.    (Mar.   4,   '05)   Professor  of   Physics,   Lehigh   Univ.,   South 

Bethlehem,  Pa. 
FRASCH,  Hans  A.    (May  9,  '03)   Consult.  Chem.  Eng.,   52   Broadway,  New  York. 
FR.A.ZIER,  Robt.  T.   (Sept.  4,  '02)   918  F  St.,  N.  W. ;  res.  3016  13th  St.,  Washington, 

D.  C. 
FREE,    Edw.    E.    (Apr.    7,   '06)    Asst.    Chem.,    Ariz.    Agri.    Exp.    Station;    res.    711    N. 

6th  Ave.,   Tucson,   Ariz. 
FREEDMAN,    Prof.   W.    H.    (Apr.    3,   '02)    Prof,    of    Elec.    Eng.,   Univ.    of   Vermont; 

res.    100   S.   Union   St.,   Burlington,   Vt. 
FREEM.\N,  C.  E.    (Nov.  6,  '02  i   Asso.   Prof.  Elec.  Dept.,  Armour  Inst.,   Chicago,  111. 
FRENZEL,   A.   B.    (May   9,   '03  1    Proprietor  of  mines  containing  rare   minerals,    512 

Equitable   Bldg.,   Denver.    Colo. 
FRIES,   Harold  H.,  Ph.D.   (May  1,  '06)  92  Reade  St.,  New  York. 
FRITCHLE,  Oliver  P.   (Sept.  4.  '02)   Chemist,   1453  Clarkson  St.,  Denver,  Colo. 
FUKUDA,   M.    (Jan.   6,  '06)    Chief  Eng.   and  Assayer,   Osaka  Elec.   Copper  Ref.   Co., 

IS  Watavamachi  Kitaku,  Osaka,   Japan. 
GABRIEL,   Geo.   A.    (Apr.   3,   '02)    1611  Beverly  Road,   Brooklyn,   N.   Y. 
GAHL,  Dr.  Rudolph  (June  6,  '03)  1755  Arapahoe  St.;  res.  2555  W.  37th  St.,  Denver, 

Colo. 
GALL,   Henry    (Apr.   2,  '04)    5  Rue  Albert  Joly,   Versailles,   France. 
GANDILLON,  Ami   (Jan.   8,  '04)   Case  6219.   Bourg  de  P'our,   Geneve,   Switzerland. 
GARDNER,    Stephen    (Sept.    4.    "03)    Asst.    Engineer,    The    Chicago    Edison   Co.,    139 

Adams   St.,    Chicago,    111. 
GARDUNO,  Jesus    (Apr.   3,   '02)   Aguascalientes,   Mexico. 

GARFIELD,  A.  S.   (Mar.  7,  '03)  67  Ave.  de  Malakoff,   Paris  XVI.  Arrond,  France. 
GERRY,   M.   H.,   Jr.    (Apr.  3,  '02)   Gen.  Mgr.   and  Chief  Eng.   Missouri  River  Power 

Co.,    Helena,   Mont. 
GIBBS,   Arthur  E.    (Oct.    2,   '02)   Mfg.   Chemist,  Wyandotte,  Mich. 
GIBBS,   H.  P.    (Dec.   4,  '03)   Chief  Elec.  Eng.  to  Government  of  Mysore,   Bangalore, 

India.  _      ,  . 

GIBBS.   W.   T.    (Apr.   3,   '02)    Director,   The  Electric  Reduction   Co.,   Ltd.,   Bucking- 
ham,  Quebec,   Canada. 
GIFFORD,  Wm.   E.    (Apr.   3,  '02)   408  N.  J.   R.  R.   Ave.,   Newark,   N.   J. 
GILCHRIST,  Peter  S.   (Apr.  3,  '02)  Chem.  Eng.,   Charlotte,   N.  C. 
GILES,  Irvin  K.   (May  1,  '06)   Niagara  Electro  Chem.  Co.,  Niagara  Falls,  N.  Y. 
GIN.     Gustave     (Dee.    4,    '03)     Ingenieur    Electrometallurgiste,     43    Rue    de    Levis, 

Paris   (Vlle),  France. 
GLADSON,    Prof.    W.    N.    (Apr.    3,    '02)    Elec.    Eng.    Dept.    Univ.    of    Arkansas,    120 
^V.  Maple  St.,   Fayetteville,   Ark.  ,  t»     . 

GLEN("K.   I.   A.   H.    (Oct.   10,   '03)   Consult.   Eng.   for   Electricity  Production  of  Peat 

and  Peat  Coal  and  Gas  of  Blast  Furnaces,   Frankfort  a:M,  Germany. 
GODDARD,  Chris.  M.    (Apr.   3,  '02)   Nat.   Board  of  Fire  Underwriters,   ao  KUby  bt.. 

Boston:   res.    1008   Bacon  St.,   Newton   Centre,   Ma-ss. 
GOEPEL,    Carl   P.    (Nov.    4,   '05)    Patent-counsel.    Goepel   &  Goepel,    290   Broadway; 

res.    2350   7th  Ave.,   New  York. 
GOLDSCHMIDT,  Dr.   Hans   (Nov.   6.  '03)  Chem.   Mfr.,   Essen-Ruhr,   Germany. 
GOODRICH,   C.   C.    (Apr.   3,   '02)   Asst.   Gen.   Supt.,   The  B.   F.   Goodrich   Co.,   Akron. 
Ohio. 


DIKIX'TOKV    UF    -MK.MUKKS.  j^ 

°°''o„'^!ca„Y.Ia'^'    "^'^     ^^'"•-     ^'    '^^'^    ^"■^^'-•-    «'^''-"    o'    M.n.n^.    Kingston. 

^^■V;.nMo^;r^cl.?,h.?^'--    ^'    '"^^    ^"''^-    ^--'^'■'    ^•'--    ^"o.;    res.    1950    K.    SOth 

'''''^P^U«b''Jffh^''pa:-  '•   '''°"-  '•  ''''  "^^^  ^'"^»>-e^.  P'ate  Glass  Co..  Frlck  Bid... 

GRIFFIN.    Martin    L.     (Oct.    1,    '04)    Expert    Chemist    Pulp    and    Paner     V^'^.t    v= 

Pulp  and  Paper  Co.,  Mechanlcsvllle,  N    Y  i^aper,    TV  est    Va. 

'"'"''c'^n'if'  '''°-  ""•  ^''°''-  '•  '°'^  ^°^  ^'-^^^  ^^"^-  •^'°-  '-^'  133  Tremont  St..  Ansonla 
^^'i^^nS^^^ui;^^LJe.'^.el:'^:.l^:ff;„?^  I^aurenbur.er  Wasser.rart 
''''^iono^\t.Jo'^'''-    '■    ''''    "^''^   ^'^^'"'^*-    ^^"^--   Con.    Cop.    Co.,    Cananea. 

'"''^^.It^z'^.lan^i:'"^^^  ^-  ^^^'^^  "•  ''''  '  C'--'"  <^-  cottages,  florlssant.  Geneve, 
HAAS,  Herbert   (May  7,  '04)  Metallurg.   Eng..   Cia  Met    de  Torreon    <3     a      rp 

c?sco."ca'l.'''""°^  temporary  office,  Unfon  Iron'^Works  Co?  Poirfrof  San^Fran: 
''^'^ferma'^'f  •    """•    "^^    ^'"'°"-    ''   '''^    Technische   Hochschule.    Karlsruhe   in   Baden 

''-'^h^arH;u^e.-Sh^'ffl"Jid.''Enl^   ^^""^-   ^^•■-   ^^^'^^^'^  ^^^^  ^'^>-   ^0-.  Ltd..   ParU- 

StS^^i,^r'   ■^;,^'-,  ^-^P''-   3-   '^-^   ^°^  33'   Indianapolis,   Ind. 

HAFF.  Max  M.   (Aug.  7,  '03)  care  of  Laboratory,   1S8  Metcalfo  qt     Oft.wo    .^ 
HAGGOTT,    Ernest  A.    (Apr     3     '02)    Engineer  ^f  Minfsr'p'-'/s'cott,'  ^.^ 
"-''^Nia^a'rFalls.^N^'Y''     '''    -^^-"i-™   Oo.    of   America;    res.  'l36   Buffalo   Ave., 

|:t^^;  ^S°V"(A™ie%S^  Su^pt.":^-:^to"n°-6o':r\Sara  ^i^r,^-|   ^— ■   -■ 
"'^I.^SSYl'^'^'    "^"'^    ^-    ^-     ^-^^'•-    '■    ■''-'  ^'ttsCgh^^ill^u^tio'n    CO..    East    St. 
HAMILTON.    Louis   P.    fApr.    3.   '02)    Dunbar    Pa 

''■''lethl't.^Ne.-'Yorr-  ''  ''''  ''°""^"''-  ^^^"  ^"^-  ''  ^ortlandt  St..  and  153  W. 
HANCE,    Anthony    M.    (Apr.    3,    '02)    care   of   Hance   Bros.    &   White,    Philadelphia. 

HARpl'T'^n,^V^v?*\l'  '"^^   ?"o^.'"^^'"'   -1«  Langdcn  St.,   Madison,  Wis. 

sTl^slin^-rJ;.-   ^^^^   ''     '''   ^"'"-   °^  ^^^^^^   -^-   '^°-    23d  and   San  Antonio 
HARRINGTON.  Dr.   E.   I.    (Apr.   3,  '02)   87  N.   Broadway    Yonkers    N    v 
Sl?SJi'  i.^;;    ^^P"--   3.  '02)  U.   S.   Patent  Office    Washington    D    c' 
nlR^^Fd""  P?n^T  '•  y'}J'''  ^""^^°"'  ^'■'  PhiladelpMa.   Pa.- 

ili^!^F  v-f -■-  ->---"  s.^e:-ou^d^^-d.-  ^°"--  —  -• 

""^  wfs^'DuS'^iL*-'"'^  '■  '''  ^'-^--hem.  Eng.,  American  Carbolite  Co.. 
Str^Tn^^;  f;,  ^-    i^^''-  I'  '^"''   "1  ^"th  ^^^-J  '•es-   89  W.   119th  St..   New  York 

Peekskin^N^Y''-    ''     "'^    '^'''"^"''    ^l^^^^--"   ^fg.    Co..    res.    1710    Ma^n    St., 
HAVEMEYEk,    H.    O.,    Jr.    (Apr.    16.    '03)    117    Wall    St.,    New   York;    res.    Mahwah, 

"^1v?Ss."'   ^'    ^^^'■-   ^'  '"^^   Engineer,   Gen.   Elec.   Co.;   res.   99  Laighton  St.,   Lynn. 

HESNfN.?"r'^'"*lt"A^'^''-7^'.n2v^^!.®2   ^"""^   ^*'   Niagara  Palls,   N.   Y. 

C^x^^  6a^.'  ^       ""    '    °^  Chemist,  Cal.  Powder  Works,  P.  O.  Box  42,  Santa 

SfS4^^'^'   "e'n^ch   (Nov.   6,  '03)   Hanau.   Germany. 

HF^n?    ?•   ^-    ^.  ^^,V    -■  '^"^   ^^''^-   ^"^•'   303  Hubbard  Ave.,   Detroit,   Mich 
"^"u"n];er^s°tT^tontV^e?,:    ^a^^dL  "^"-    ^^"^^    ^'    ^'^^^    ^-■-^^-    ^ep^'McGll. 
HERJNG,   Carl,   929   Chestnut   St.;   res.   S  Asbury   Terrace.   Oak  Lane.   Philadelphia, 

HERRERA    ^^Ju^-  T.  ^-   ^.-    ^.^^r-   ^'  '^'*^   ^*  ^'•'^^  P^'-  Modane  Savole.   Prance. 
Mex.^o."  Mexico     '■^"^-    ''     ""^    "^'"^    °'    "°'^'    <^^    J^-*^*"'    ^I    Oro,    Estado    d. 
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HERZOG,    F.    Benedict.    Ph.D.    ^Apr.    3.   '02)    Herzog   Teleseme  Co.,    51    "W.    24th   St., 

New  York. 
HIGGINS,  Aldus  C.   (Sept.  4,  '02)  Norton  Co.,  Worcester,  Mass. 
HIGGIXS,   Francis  W.    (Feb.   5,   '03)   Asst.   Cbem.   The  Carborundum  Co.,    Niagara 

Falls,   X.  Y. 
HITCHCOCK,  Fanny  R.  M.    (May  1,  '06)   4038  Walnut  St.,  Philadelphia.   Pa. 
HITCHCOCK,    Prof.    G.    G.    (July   1.   ■04>    Prof,    of  Physics,    Pomona  College,   Clare- 

mont,  Cal. 
HITCHCOCK,    Halbert   K.    (Oct.   2,   "02)    Experimental   Eng..    Tarentum,    Pa. 
HITE.  B.  H.    (Apr.   4,  '03  i  W.  Va.   Exp.  Station,   Morgantown,   W.  Va. 
HOBBLE,    Arthur  C.    (Nov.   6.   '03)    Elec.   Eng.,   Mysore   State  Government,   Sivassa- 

mudram,   Mysore  Province,   S.   India. 
IIOBBS,   Perry   L.,   Ph.D.    (Apr.   3,   '02)    Merch.   Bldg.,   347   Erie  St.,   Cleveland,    Ohio. 
HOFFMAN,   Ottokar   (Apr.   3.  '02 1    30<'2   E.    7th   St..   Kansas  (^ity.    Mo. 
HOLLAND,  Walter  E.    (Aug.   5,  '05)   Foreman,  Exp.  Testing  Dept.,   Edison  Storage 

Bat.  Co.;  res.  211  Arlington  Ave.,  E.   Orange,  N.  J. 
HOLTON,    Frtd.    A.     (Apr.    2,    '04)    Chemist    in    Patent    Causes,    620    F    St.,    N.    W., 

Washington,  D.  C. 
HOPKINS,    Prof.    X.    Monroe    (Apr.    3,    '02)    Columbia   University;    res.    1718    H   St., 

Washington,  D.  C. 
HORRY.  Wm.  S.    (Feb.   5,  '03)  Cons.  Lake  Sup.   Power  Co.,  Niagara  Falls,  N.  T. 
HO.'^KINS,  Wm.    (Apr.  3,  '02)   81  S.   Clark  St.,  Chicago;   res.  La  Grange,   111. 
HOl'(5H.    Arthur    (May    1,    '06)    Chem.    and    Trtas.    The    General    Explosives    Co., 

Dover,   X.  J. 
HO^'.\RD.   Geo.  M.    (Apr.   3,  '02)   Elec.  Stor.   Bat.   Co..   Philadelphia,   Pa. 
HOWARD,   Henry   (Apr.   3,  '02)   36  Amory  St.,   Brookline,    Mass. 
HOWARD,    Prof.    S.    F.    (Apr.    3,    '02)    Dept.    of   Chem.,    Mass.    Agricultural    College; 

res.    10   Allen   St.,    Amherst,    Meiss. 
HOWE,  Henry  M.,  A.M.   (Aug.  7,  '02)  27  W.  73d  St.;   Prof,  of  Metallurgy,  Columbia 

Univ.,   New  York. 
HOWELL,   Wilson  S.    {Sf^t.   4,  '03)   80th  St.   and  East   End  Ave.,   New  York. 
HUDDLE.  W.  J.   (Apr.  3,  '02)  Instructor  in  Chon.,  Univ.  of  Oregon;  res.   855  Alder 

St..   Eugene,  Ore 
HULETT,   Geo.  A.    (Apr.   2,  "04)    2   Murray  Place.   Princeton,   N.   J. 
HUMBLOT,   E.    (July   1,   '04)   Chemist,   The  Stauffer  Chem.    Co.;   res.    618   California 

St..   San   Francisco,   Cal. 
HUNT.   A.   M.    (Apr.   3,  "02)   Consult.   Eng.,   202   California  St.,   San   Fi-ancisco,   Cal. 
HUNTER,  Thos.  G.    (Apr.   3,  '02)   630   Real  Estate  Trust  Bldg.,   Broad  and  Chestnut 

Sts.,   Philadelphia,  Pa. 
HUT(rHINSON.    E.    J.    <  Apr.    3,    '02)    Vice-Pres.    Taylor   Chem.    Co.,    1245    E.    3d    St., 

("incinnati.   Ohio. 
HUT<rHINSON,    R.    AV..    Jr.    (Apr.    3,    '02)    Editor-in-Chief,    Pub.    Dept.,    Nat.    Brake 

&  Elec.   Co.,   Milwaukee,   Wis. 
HUTTOX,   R.   S.,  D.Sc.    (Apr.   3,  "02)   Lecturer  on  Electrochemisti-y,    The  L'niversity, 

Manchester,   England. 
IHLDER.   John   D.    (Apr.   3,   '02)    Eire.    En??..   Yonkers,    N.    Y. 
IRVINE.    H.   .\.    (Apr.   3,   '02)    51   Fountainhall   Road,    E'linburgh,    Scotland. 
ISAACS,   A.   S.    (Apr.   3,  '02)   40  4   SmithSeld  St..    Pittsburgh,    Pa. 
ISAKOVICS,    Alois    von    (Apr.    3,    '02)    Proprietor,    Synfleur    Scientific   Laboratories. 

Monticello,   N.  Y. 
JACKSON,    Chas.     (June    3,    '04)    constructing    and    contracting    in    electric    work, 

Apartado  27,   Guadala.iara.   Mexico. 
JACKSON.   Prof.   Dugald  C.    (Apr.   3,  '02)   Consult.   Eng.,   Prof,   of  Elec.   Eng.,   Univ. 

of  ■^'isconsin,    Madison,   Wis. 
JACKSON,   H.   A.    (June   6,   '03)    Asst.    in   Phys.    Chem.,    Columbia  Univ.,    1   W.    30th 

St.,  New  York. 
JAMES,  (^arlton  C.   (Nov.  6,  "03)   430  Kipling  St.,   Palo  Alto,   Cal. 
JAMES,    Dr.    J.    H.    (Apr.    3,   '02)    Chem.    Dept.,    Carnegie    Technical    School,    Pitts- 
burgh,  Pa. 
JENKS,   W.  J.    (Apr.    3.  '02)   120  Broadway.    New  York. 

JEPPSON,   Geo.   N.    (Sept.    4,   '02)    Norton   Emery  Wheel   Co..   ^Vo^cester,   Mass. 
JOHNSON.  Arden  R.    (June  2,   '06)   308  Mills  St.,   Madison,   Wis. 
JOHNSON.  Prof.  Otis  C.    (Nov.  6.  '03)   730  Thayer  St.,   Ann  Arbor.   Mich. 
JOHNSON,  W.  McA.    (Apr.   3.  '02)   69  Vernon  St..   Hartford.   Conn. 
JOHNSTON.   Wm.    A.    (Oct.    10,   '03)    Supt.    of   Mfg.    S.    S.    White    Dental    Mfg.    Co., 

Prince  Bay.   N.   Y. 
JONES.   L.  J.   W.    (Apr.   3.   '02)   Tacoma  Smelting  Co.,   Tacoma,   Wash. 
JOYCE,    Clarence   M.    (May    1,    '06)    Chem.    The   Arlington    Co.,    Box    23,    Arlington, 

N.   J. 
KAHLENBERG.   Louis.  Ph.D.    (Apr.   3.  '02)   234   Lathrop  St.;   Prof,   of  Phys.   Chem., 

Univ.   of  "Wisconsin.   Madison.   Wis. 
K.XHN,   Dr.   Julius   (May   1,   'OG )    100   W.   <!Oth   St.,   New   York. 
KEITH.   Dr.   N.   S.    (Apr.   3.   '02  (    Dunnfield.    N.   .L 
KELLER.    Edw.    (Apr.    3.    '02)    P.    O.    Box   724.    Baltimore.   Md. 
KELLY,   Dr.   John  F.    (Apr.   3,  '02)   Stanley   Elec.   Mfg.   Co.:   res.    2S4   W.    Housatonic 

St..  Pittsfield.  Mass. 
KENAN.   Wm.   R.,   Jr.    (Apr.   3.   '02)    242   Genesee   St.,   Lockport,   N.   Y. 
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KKNNEUY,  J.  J.    (May  U.   'u:i)   KmkIiiocm-,   &2  Broadway,   New   York. 

KENNEl.KV.   l>r.   Arthur  E.    (Nov.   6,  'OS)   ITof.  of  Eloc.   EliK.,   I'lorce   Hall.    Harvard 

L'iiiVfr.xlt\ .    * 'iiiii)ii'1(Ik<'.    MasH. 
KENT.   Jns.    M.    (.>^.|)t.     I,   •():!)    Tcurli.i    of    .\i)i)ll<'d    Steam   and    Electricity,    Manual 

Training   llluli   Sclinnl.    :;"i;fi    HoIiimm   .st  ,    Kansas   City.    Mo. 
KENVUN.    Wni     II.    (.\|.r.    :i,    '0:;t    4!i    Wall    SI.,    .N.w    York. 
KE){N.    Ells.    I".    i.\|>r      1.    'oaj    carir   uf    iJ.-iU.    of   MctalluiKy.    I'dlumlda    Univ.,    New 

York. 
KIMUALL.    W.    II..    M.lJ.     (May    ti,    'OG)    Consultant    In    lOlictroiy tcs.    Oxford    I'aper 

Co.;    res.    91    K.ssendon   St.,   I'orlland.    Me. 
KIN';,    Robert   O.    (Apr.    7.    "04)    Eleo.    Eny:.,    --0    Bryant    St.,    N.    Tonawanda,    N.    Y. 
KITSEE.    I>r.    Isador    (Apr.    ;!.    'OJ )    :t(lH    Stock    ExcluiiiBe    I'lace.    I'lilladeljiliia.    I'a. 
KJELKIN,    F.    A.     (Feb.    4.    "Ou)    Engineer    for    Elec.    MellhiK,    Melallurul-ka    Patent 

Aktiebolae.   Stockholm.   Sweden;   res.    Sturegatan   .'ill,    Stockholm.    .Sweden. 
KLIPSTEIN.    Ernest    C.    (Apr.    3.    'U2)    \-^2    Pearl    St.,    I'.    ().    Box    2S:i.i,    New    York; 

res.    ll(i    Prospect   St.,   E.   Orange,    N.   .1. 
KI.rCiH,    B.    O.    (Apr.   7,   "OG)    Clieni.    Carn'.'Ble   Steel   Co.,    Ohio   Wks.,    SSB   Mahoning 

Ave.,    Youngstown.    Ohio. 
KNAPP.    Geo.    O.    (Nov.    6.    '02)    A'ice-Pres.    Union    Carbide    Co.,    l.")7    Michigan   Ave., 

i^hicago.   111. 
KNOKR.  A.   E.    (Apr.   4,  '03)   De  Lamai'.s  Copper  Kef.   Co.,   Chrome,   N.  J. 
KNL'DSON,    A.    A.,    E.E.    (Nov.    6,    '02)    34    Nassau   St.,    New   York;    re.s.    7n,S    Putnam 

.-\ve.,   Broolilyn,   N.   Y. 
KOEHI.ER,    Wm.     (Nov.     5,    '04)     Consult.     Electrochem.     Eng.,     1014    Superior    St., 

Cleveland,  Ohio. 
KOWAl.KE,    O.    ]..    (Aug.    :;,    '06)    Asst.    in    Applied    Cheni.    .nnd    Research    Work;    430 

Francis  St.,   Madison,   Wis. 
Ki:C,EL.(;EN,    Franz    von     (May    7,    '04)    Chief    Chemist,    'nie    ^'a.    Eh  ct rol.\  tic    Co., 

Holcomb's  Rock.--".  Va. 
KYLE.    T.   D.    (Apr.    3,   'U2)    106   E.    5th   St.,   Leadville,    Colo. 

LACROIX,    Henry    (Mar.    3,   '06)    Eng.,   Usine  de  Degrossissage   d'or,    Geneve,    Switz- 
erland. 
I. AFORE,  J.  A.    (Apr.   3,  '02)   119  S.   11th  St.,   Philadelphia,   Pa.;   re.s.   Bala,   Pa. 
LANDIS.   Walter  S.    (Dec.   4,   '02)    Met.   E.,    M.   S.,   Inst,   in  Depts.   of  Metallurgy  and 

Mineralogy,  I.ehigh  Univ.;  res.   211  S.   New  St.,  Bethlehem,  Pa. 
LANDOl-T,    Dr.    Hans    (Feb.    .'S,    '03)    Turgi.    Switzerland. 

UANGLEY,  John  W.,   Ph.D.    (Apr.   3,  '02)   2037  Geddes  Ave.,   Ann  Arbor,   Mich. 
I.ANGTON,    .John    (Apr.    3,   '02)    Consulting   Eng.,    99   John   St.,    New    Y'ork. 
IjARCHAR,   Arthur  B.    (Apr.   3,   '02)    Penobscot  Chem.   Fibie  Co.,   Great  Works,    Me. 
LATHWOOD,    Arthur    (Aug.    7,    '02)    Chemist,    Oldbury    Electrochem.    Co.,    Box    23S, 

Niagara   Falls,   N.   Y. ;   res.    La  Salle.   Niagara  Falls,    N.   Y. 
LEASE.   L.   J.    (Dec.    4,   '03)    1.59   Flavel   St.,    Pittsburgh,    Pa. 

LEATHART,   Jas.    G.    (Aug.    5,   '05)    Lead   Mfr.,    Locke   Blackett    <fc   Co.,    Ltd.,    New- 
castle-upon-Tyne;   res.    155    Helen's   Terrace,    Low    Fell    Co.,    Durham,    England. 
Le    BLANC,     Prof.     Dr.    Max     (Mar.     4,     '05)     Physikalisch-chemisches-Institut    der 

Universitat,   Leipzig.    Germany. 
LEE.    F.    V.    T.    (Apr.    3,    '02)    2600    Piedmont    Ave.,    Berkeley,     Cal.,     assistant     to 

President,   Pacific  Gas  and  Elec.   Co.,   San  Francisco,'  Cal. 
LEE,   Harry  R.    (Dec.   2,  '05)   Holcomb's  Rock,  Va. 
LE   MARE,    E.    B.    (Sept.    4,    '03)    338    First   St.,    Niagara   Falls,    N.    Y.;    res.    I>athkil, 

139    Dickinson   Road,    Rusholme,   Manchester,    England. 
LEWIS,   Henry   F.    (June   3,   '05)    1103   Temple   Bldg.,    Toronto,   Can. 
LICHTHARDT,   G.    (Apr.   3,   '02)    ISOO   M   St.,   Box  510,   Sacramento,   Cal. 
LIDBURY',    F.    Austin    (Aug.    7,   '03)   Works   Mgr.,    Oldbury   Electro-Chem.    Co.;    res. 

33  Sugar  St.,   Echota,   Niagara  Falls,   N.   Y. 
LINCOLN,   Dr.   A.   T.    (Nov.   6,   '02)   Instr.   in  Chem.,   Univ.   of  Illinois,  Urbana,   111. 
LINCOLN,    P.    M.    (Apr.    3,   '02)    6830   Thomas   St.,    Pittsburgh.    Pa. 

LITTLE.   Arthur  D.    (Apr.   1,   '05)    Chem.    Expert   and   Engineer,    93   Broad   St.,   Bos- 
ton,  Mass. 
LITTLE.   C.   A.    (Apr.    3.   '02)   Electrochemist,    147   W.    Bridge   St.,   Elyria,    Ohio. 
LLOYD,   M.   G.,   Ph.D.    (Apr.   3,   '02)   Bureau  of  Standard.s,   Washington,    D.    C. 
LOCKE,   Jas.    (Nov.    6,   '03)    Mass.   Inst,    of  Tech..   Boston,   Mass. 
LOCKWOOD,   Chas.   E.    (Apr.    3,   '02)    439   E.   144th   St.,   New  York. 
LODYGl'INE.   A.    (June   3.   '04)    P.   O.   Box   329.    Aspinwall.    Pa. 
LOEB,   Morris    (Apr.   3,   '02)   New  York  Univ.,   3273   Madison  Ave.,   New   Y'ork. 
LONG,    F.    H.    (Apr.    3,    '02)    Consult.    Metallurg.    and    Contracting   Eng..    S4    Adams 

St.,   Chicago,  111. 
LORENZ.   Prof.   Dr.   Richard    (Sept.   4.   '02)   Laboratorium   fur  physikal   Chemie   und 

Elektrochemie    Polytechnikum,    Zurich.    Switzerland. 
LOVEJOY\   D.   R.    (Apr.    3.   '02)    Bradford  Eng.    and   Mfg.   Co..    Bradford.   Pa. 
LOWENBERG.    Laurent    (Dec.    4,    '03)    Head    of   Specification    Dept..    Bullock    Elec. 

Mfg.   Co.,    2229   Park  Ave.,    Cincinnati.   Ohio. 
LUCKE.    Henry   J.     (June   6,    '03)    Asst.    Examiner   in    Electrochemistry,    Room    177, 

U.   S.   Patent  Office,  Washington,    D.   C. 
LY'MAN,    Jas.    (Apr.    3.    '02)    Asst.    Eng..    Gen.    Electric    Co..    1047    Monadnock   Bldg., 

Chicago.   111. 
LYNDON,   Lamar   (Apr.   3.  "02)   Consult.   Elec.   Eng.,    SO  William   St.,   New   York. 
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MACDONALD,  Jas.  A.   (Aug.  7,  '03)  Vice-Pros.  United  Berde  Cop.  Co.,   49  Wall  St., 

New  York. 
MACFADDEN,    C.    K.    (Apr.    3,    '02)    Beaumont,    Tex. 

MACH.ALSKE,   Dr.   F.   J.    (Dec.   4,   '02)   P.   O.   Box  276,   Niagara  Falls,   X.   T. 
MACMAHON,    Jas.     (Aug.    7,    '05)    Bleaching    Powder    Supt.    Castner    Electrolytic 

Alkali  Co.,   Niagara  Falls,  N.  Y. 
M.A.CNUTT.    Barry.    E.E.,    M.S.     (Apr.    3,    '02)    Phys.    Lab.    Lehigh    Univ.;    res.    841 

Seneca  St.,  S.  Bethlehem,  Pa. 
MAGNUS,    Benj.    (Apr.    3,   '02)    The    Mountain   Copper   Co.,    Ltd.,    Martinez,    Contra 

Costa  Co.,   Cal. 
MAILLOUX,    C.   O.    (Apr.    3,   '02)    76  ■U'illiam   St.,    New   York. 
MAIN,  Wm.    (Apr.   3,  '03)   Piermont,   Rockland  Co.,  N.  Y. 
MALM,  John  L.    (Aug.   5,  '05)   Electrometallurgist,   Corbln,  Mont. 

MARIE,   Charles  A.,   Dr.   es  Sciences    (Jan.   8,  '04)    98   Rue  de  Cherche  Midi,   Paris, 

France. 
MARSHALL,    Jas.    G.     (Sept.    2,    '04)    Asst.    Supt.    Union    Carbide    Co.;    res.     1115 

Niagara  St.,   Niasara  Falls,   N.   Y. 
MARVIN,  Arba  B.,  Jr.   (Apr.  3,  '02)  Patent  Dept,  General  Elec.  Co.,  Schenectady, 

N.  Y. 
M.A.SUJIMA,    Bunjiro    (Mar.    4,   '05)    care   of   K.    Takebe,   25   Gazenbo-cho,   Azabuku, 

Tokyo,  Japan. 
MATHERS,   Frank  C.    (Feb.   6,  '04)   217  Mitchell  St.,   Ithaca,  N.  Y. 
MATTHEW,   H.   T.    (June  2,  '06)   Bus.  Mgr.,   Electrochem.  &  Met.   Ind.,    114  Liberty 

St.,  New  York. 
MAURAN,  Max   (Nov.  6,  '02)   Eng.  and  Asst.  Mgr.,  Castner  Electrolytic  Alkali  Co., 

Niagara  Falls,   N.   Y. 
MAYNARD,   Geo.  W.    (Apr.  3,  '02)   20  Nassau  St.,   New  York. 
MAY'O^ALD,  F.  J.    (Apr.   3,  '02)   Chem.,   1028  72d  St.,  Brooklyn,  N.  Y. 
McCONNELL,    J.    Y.     (Apr.    3,    '02)     500    N.    Broad    St.,     Philadelphia,     Pa,;     res. 

Colwyn,   Pa. 
McCOY,   Herbert  N.   (Sept.  4,  '03)  Kent  Chem.  Lab.,  Univ.  of  Chicago,  Chicago,   111. 
McELROT,   Jas.   F.    (Sept.   17,  '03)   Consult.   Eng.,  Cons.   Car  Heating  Co.,   131  Lake 

Ave.,   Albany,  N.  Y. 
McINTOSH,  D.   (Dec.  4,  '02)  Demons,  in  Phys.  Chem.,  McGill  Univ.,  Montreal,   Can. 
McKEE,  Geo.  M.   (Aug.  7,  '03)  Mgr.  Hinckley  Fibre  Co.,  Hinckley,  Oneida  Co.,  N.  Y. 
McMASTER,    Daniel    (Apr.    1,    '05)    Vice-Pres.    and    Gen.    Mgr.,    Oxford    Paper    Co., 

Rumford  Falls,   Me. 
McNAIER,  J.  T.    (Jan.  8,  '04)  Elec.  Eng.,   "Rockledge,"  Bruce  Ave.,  Yonkers,  N.  T. 
MCNEILL,  Ralph   (Feb.   5,  '03)   223  W.  106th  St.,  New  York. 
MELCHER,   A.   C.    (July  3,  '02)   Research  Associate  in  Phys.   Chem.,   Mass.   Inst,  of 

Tech..   Boston:   res.    58   Bowen   St.,   Newton   Centre,    Mass. 
MELDRUM,   Archibald   (May  9,   '03)   Chemist  and  Inventor,   Box  137,   Jacksonville, 

Fla. ;   res.    Savannah,    Ga.,   Box  144. 
MERRILL,    Prof.    J.    F.    (Oct.    10,    '03)    Prof,    of   Physics   and   Elec.    Eng..    Dir.    of 

State  School  of  Mines,   the  Eng.   School  of  Univ.   of  Utah,  University  of  Utah, 

Salt  Lake   City,  Utah. 
MERRILL,    J.    L.     (Sept.  *4,    '03)    Local    Agent,    Burke    Electric    Co.,    1526-30    Park 

Bldg.,   Pittsburgh,   Pa. 
MERSHON,  Ralph  D.   (July  1,  '05)  Consult.  Eng.,  11  Pine  St.;  res.  116  W.   S5th  St., 

New  York. 
MERZ,  Chas.   H.    (Apr.  3,  '02)   Consult.  Eng.,   28  Victoria  St.,  W^estminster,   London, 

S.W. ;   Collingswood  Bldg?.,   Newcastle-upon-Tyne,  England. 
METZ,   H.   A.    (Apr.   3,  '02)    122   Hudson   St.,   New  York. 
MEYER,    Dr.    Franz    (Sept.    4,    '03)    Gen.    Mgr.    and   Treas.    The   Wetherill   Sep.    Co., 

52   Broadway,   New  York;   res.   Englewood,    N.   J. 
MEYER,  John   (Oct.  7,  '05)  Eng.  of  Commercial  Dept.,  Philadelphia  Elec.  Co.;  res. 

5345  Pine  St.,  Philadelphia,  Pa. 
MILLER,  Dr.  W.  Lash   (Apr.  3,  '02)    50  St.  Albans  St.,   Toronto,   Canada. 
MILLS,   J.   E.    CApr.    16,  '03)   Chapel  Hill,  N.   C. 

MOLERA,  E.  J.    (Apr.   3,  '02)   Civil  Eng.,   2025  Sacramento  St.,   San  Francisco,   Cal. 
MOLTKEHANSEN,    Ivar   J.    (June   6,   '03)   Vadeim,    Sogn,    Norway. 
MONELL,  A.   (Apr.  3,  '02)  Pres.  Int.  Nickel  Co.,   43  Exchange  Place.  New  York. 
MORANI,  Fausto   (Dec.  4,  "03)  Gen.  Mgr.  Societo  Italiana  Carburo  dl  Calcio  Acete- 

lene  et  Altri  Ga.s,   66  Via  Due  Macelli,   Rome,   Italy. 
MOREHEAD,   J.   M.    (Feb.    5,  '03)    157   Michigan   Ave.,   Chicago,   111. 
MOREHEAD,   J.   T.    (Apr.   4,  'OS)   Pres.   The  Willson  Alum.   Co.,   99   Cedar  St.,   New 

York. 
MORGAN,   Dr.   J.   L.  R.    (Apr.   3,  '02)   Columbia  University.   New  York. 
MORITZ,   C.   H.    (Apr.   4,  '03)   Pittsburgh  Reduction  Co..   Niagara  Falls,   N.   Y. 
MORRIS.   Henry  G.    (Apr.   3,   '02)    London,   Liverpool  and   Globe   Bldg.,   S33  Walnut 

St.,    Philadelphia,    Pa. 
MOSES,  H.  B.    (Apr.   3,  '02)  Raritan  Copper  Works;   res.    174  Brighton  Ave.,   Perth 

Amboy,    N.   J. 
MOTT,   W.   R.    (Mar.    5,   '03)   Decorah,   Iowa. 
MOULTON,   Chas.  W.    (May  1.   '06)    Prof,   of  Chem.,   A'assar  College.   Poughkeepsie, 

N.  Y. 
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MURPHY,   E.  J.    (Oct.   2.  '02)  Wks.   Mg-r.    Kelvin  &  Jas.   White,   Ltd.,   18  Cambridge 

St.,   Olu.HRow,    Scotliind. 
MYERS,    Kalph    E..    Ph.D.    (Nov.    6,   '04)    Instructor   In   Electrochem.,    Pennwylvanla 

Stnte   ColleKp,    State  ColleBe.    Pa. 
NADOLSKY.    Wm.   L.    (May   S»,  '03)    262  E.   Broadway,   New  York. 
NAK.\YAMA,     Takakkhl     (Feb.     &,      US)     Fut'l    Paper    Co.,     Sanjlkkenborl,    Tokyo, 

Japan. 
NAMBA,  M.   (Nov.   6,  '03)   Prof,   of  Elec.   Eng.,  Univ.   of  Kyoto,   Kyoto,  Japan. 
NELSON,    John    (Jan.    7,    '05)    Supt.    American   Nlckelold   Mfg.    Co.,    P.    O.    Box    35, 

Peru,   111. 
NICHOLS,   Wm.   H..    D.Sc,    LL.D.    (Mar.    3,   '06)    Pres.    Nichols  Copper  Co.,   General 

Chem.   Co.,   25  Broad  St.,   New  York;   res.   355  Clinton  St.,   Brooklyn,   N.    Y. 
NICHOLS,  W.   Standi.sh    (Apr.   3,  '02)   Interborough   Rapid  Transit  Co.,   2415   Park 

Row  BldK-,   New  York. 
NODELL.  Wm.   L.    (May  i>,  '03)  Elec.  Eng.,  243  S.   4th  St.,  Brooklyn,   N.  Y. 
NORMAN,  Geo.   M.    (Apr.  3,  '02)   75  Aberdeen  Place,  Woodbury,   N.   J. 
NUNN,  Dr.  R.  J.    (Apr.   3.  '02)   5  York  St.,  E.  Savannah,   Ga. 
NUTTER,    Coleman    Evan    (Oct.    7,    '05)    Elec.    Eng.,    A.,    T.    &   S.    F.    Ry.,    Topeka, 

Kan. 
OLIVER,    Frank   M.    (Apr.    3,   '02)    Chem.,    H.    K.   Mulford   Co.,    412-426    S.    13th   St., 

Philadelphia,    Pa. 
OESTERLE,    Wm.    F.,    Jr.    (Oct.    7,   '05)    Chem.,   Mineral   Point   Zinc   Co.,    225    Utica 

St.,    Waukegan,    111. ;    res.    Marion,    Ind. 
OSBORNE,   Loyall  A.    (Apr.   3,  '02)  Westinghouse  E.   and  Mfg.   Co.,  Pittsburgh,  Pa. 
PAI^MER,    C.    S.     (Jan.    6,    '06)    Associate    Ed.,    Eng.    &,    Min.    Journal,    637    Valley 

Road,  Upper  Montclair,   N,   .T. 
PARAMORE,   E.   C.    (Apr.   3,   '02)    111  Queen  St.,   Germantown,   Philadelphia,   Pa. 
PARR,  Samuel  W.    (Jan.  7,  '05)   Prof,  of  Applied  Chem.  Univ.   of  111.,  Urbana,  111. 
PARSONS,  Louis  A.,   Ph.D.    (Apr.  3,  '02)  Univ.   of  Cal.,  Berkeley,  Cal. 
PATERNO,   Prof.   Emanuel    (Apr.   2,  '04)  Via  Panisperna  89,   Rome,  Italy. 
PATTEN,   Harrison   E.,    Ph.D.    (Apr.    3,   '06)   Bureau  of  Soils,   U.   S.   Dept.   of  Agri- 
culture,  Washington,   D.   C. 
PATTERSON,    Geo.    W.,    S.B.,    Ph.D.    (Nov.    6,    '02)    Prof,    of   Elec.    Eng.,    Univ.    of 

Mich.;   res.   S14  S.  University  Ave.,  Ann  Arbor,   Mich. 
PATTISON,  Frank  A.   (Apr.  3,  '02)  Consult.  Eng.,  Fuller  Bldg.,  23d  St.  and  Broad- 
way, New  York. 
PAUL,    Henry   N..   Jr.    (Apr.   3,   '02)    1815   Land  Title  Bldg.,   Philadelphia,   Pa. 
PAWECK,    Dr.    Heinrich    (Dec.    4,    '03)    Dittesgasse    16,   Wien   XVJIIV2,    Austria. 
PEASE,  Harold  C.    (Nov.   6,   '02)   Eng.   The  Gen.   Elec.   Co.,   820  Union  St.,   Schenec- 
tady,  N.    Y. 
PENNOCK,   John  D.,  A.B.    (Apr.   2,   '04)    Chief  Chemist,   Solvay  Process   Co.,   Syra- 
cuse, N.   Y. 
PERKIN,  F.  Mollwo.  Ph.D.    (Sept.   4,  '02)   Prof,   of  Chem.   Borough  Poly.   Inst.,   103 

Borough  Road,  S.E. ;  res.   The  Firs,   Hengrave  Road,  Forest  Hill,   London,   S.E., 

England. 
PERRY',    C.    M.    (Sept.    4,   '03)    Supt.    Say  lis   Bleacheries  and   Glenlyon   Dye   Works, 

Saylesville,  R.  I.;  res.  4  Catalpa  Road,  Providence,  R.  I. 
PERRY,  R.  S.    (Apr.   3,  '02)   5104  Pulaski  Ave.,  Germantown,   Philadelphia,  Pa. 
PETERSSON,  Dr.  Albert,  Ph.D.   (Jan.  6,  '06)   Consult.  Eug.,  Alby  Carbide  Factory, 

Alby,  Sweden. 
PEYTON,   W.   C.    (Apr.    3,   '02)   Martinez,   Contra  Casta  Co.,   Cal. 
PHILIPP,    Herbert    (Nov.   6,    '03)    Roessler   &   Hasslacher   Chem.    Co.;   res.    84   High 

St.,   Perth  Amboy,   N.   J. 
PHILLIPS,   Ross   (Nov.   6,  '03)   Chief  Chemist,  Bichromate  of  Soda  Plant,   National 

Electrolytic  Co.,   Niagara  Falls,   N.   Y. 
PHILLIPS,  Wm.   B.    (Mar.   5,   "02)   Dir.   Min.   Survey,   Univ.    Station,    Austin,    Tex. 
PICKERING,.  Oscar  W.    (Oct.  2,  '02)   Consulting  Chemist,   20  Lenox  St.,   Springfield, 

Mass. 
PILTSCHIKOFF,    Prof.    Nicholas     (Sept.    4,    '02)    Prof,    of    Physics,    Technological 

Institute,   Kharkov,   Russia. 
PINKERTON,   Andrew    (Apr.    3,   '03)    1015  Railway  Exch.,   Milwaukee,   Wis. 
POND,  G.   G.,   Ph.D.    (July  3,  '02)   Prof,   of  Chem.,   State  College,   Pa. 
PORTER,   John   L.    (Apr.    3,   '02)    Lab.   of   Sewerage   and  Water  Board,    602   Caron- 

delet  St.;  res.   1317  Henry  Clay  Ave.,  New  Orleans,   La. 
POTTER,    Henry   Noel,    Sc.D.    (Apr.    3,    '02)    510   W.    23d   St.,    New   York;    res.    New 

Rochelle,   N.  Y. 
POWELL,  J.  R.   (Jan.  7,  '05)  Wenzelman-Powell  Co.,  456  N.  Cherry  St.,  Galesburg, 

111. 
PRATT,  Fred.  S.    (Apr.  3,  '02)   Stone  &  Webster,   93  Federal  St.,  Boston,  Mass. 
PRETZFELD,  Dr.  C.  J.    (Dec.   4,  '02)  Chemist,  the  National  Electrolytic  Co.,  P.  O. 

Box  305,  Niagara  Falls,   N.  Y. 
PRICE,  Edgar  F.   (July  3,  '02)  Union  Carbide  Co.,  157  Michigan  Ave.,   Chicago,  111. 
PRINDLE,   Edwin  J.    (Jan.   8,   '04)    Practicing  Patent  Lawyer,   220   Broadway,   New 

York. 
PRING,  John  N.    (Nov.   3,  '06)   Research  student,  Victoria  Univ.,  Sandback,   Eng.; 

care  of  Thos.   Cook  &  Son,   245  Broadway,   New  York. 
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PROSSER,    H.   A.    (Dec.    2,   "05)    Metallurg.    Dir.,   U.    S.    Smelting,    Ref.    &   Min.    Co., 

508  Dooly  Block,   Salt  Lake  City,  Utah. 
PUMPELLY,    Jas.    K.    (July    1,    '05)    Patentee    and   Supt.,    Western    Stor.    Eat.    Co., 

Indianapolis,  Ind. 
PYNE,   Francis  R.    (Dec.   2,  '05)  Boston  &  Montana  Smelter,   Great  Falls,   Mont. 
QUENEAU,  A.  L.  J.    (May  1,  '06)   Consult.  Eng.,   The  N.  J.  Zinc  Co.,   The  Vulcanit* 

Portland   Cement   Co..   etc.;   S.    Bethlehem,   Pa. 
QUINAN,    Kenneth    B.    (Jan.    8,    '04)    Chief   Chemist,    De   Beer's    Explosive   Works, 

Dynamite   Factory,   Somerset  West,    Cape   Colony. 
RAMAGE,  A.  S.    (May  6,  '05)   American  Color  Co.,  Detroit,  Mich. 
RAU,  Prof.  Albert  G.    (Apr.   3,  "02)   Supt.  Moravian  Parochial  School,   Bethlehem. 

Pa. 
REBER,   Samuel    (Apr.  3,  '02)  Lieut.  Col.  Army  War  College,  Washington,  D.  C. 
REED,   C.  J.    (Apr.   8,  '02)    33i.?   N.   16th  St.,   Philadelphia,   Pa. 
REISENEGGER,    Dr.   Herman    (June   6,    '03)    Chemiker  Farbwerke   In   Hochst  a|M. 

Germanj'. 
REUTERDAHL,   A.    (Apr.   3,   '02)   Prof,   of  Physics,   Colby  College;   res.   142   College 

Ave.,   Waterville,   Me. 
RHODIN,   B.    E.    F.    (Apr.    3,   '02)    Chief   Eng.,   Can.    Electro-Chem.   Co.,   Ltd.,    Sault 

Ste.   Marie,   Ont.,   Canada. 
RICHARDS,    Jo.s.    W.,    Ph.D.    (Apr.    3,   '02)    Prof,    of   Metallurgy,    Lehigh   Univ.,    S. 

Bethlehem,    Pa.;    res.    University   Park. 
RICHARDS,   Dr.    T.   W.    (June  3,   '05)    Prof,   of  Chem.,    Harvard  Univ.,    Cambridge, 

Mass. 
RIES,  Elias  E.   (Apr.  3,  '02)   Consult.  Elec.  Eng.,  116  Nassau  St.,  New  York. 
RIKER,    John   J.    (Mar.    5,    '03)    Treas.    Oldbury    Electro-Chem.    Co.,    46    Cedar 'St., 

New  York. 
ROBBINS,  W.  A.    (Apr.   3,  '02)   904  Cooper  St.,   Camden,   N.   J. 

ROBERTS,  l.^aiah  L.    (Oct.  2,  '02)   Dir.   Roberts  Chem.  Co.,  60  "^all  St.,   New  York. 
ROBERTS,    J.   C.    (Oct.    2,   '02)    Mine  and   Smelter   Supply   Co.,   42    Broadway,    New 

York. 
ROBINSON,   Almon   (Apr.   3,  "02);   res.   Webster  Road,   Lewiston,   Me. 
ROCHLITZ,  Prof.  Oscar  A.   (Apr.  3,  '02)   1962  Kenmore  Ave.,  Chicago,  111. 
RODGERS,  Ashmead  G.    (Nov.  6,  '02)   Supt.   The  Carborundum  Co.,   Niagara  Falls, 

N.   Y. 
RODGERS,   Wm.   J.'   (June  2,   '06)    Fire  Inspector,   Insurance   Patrol,    516   Arch   St., 

Philadelphia,  Pa 
RODMAN,   Hugh   (Apr.   3,  '02)  Westinghouse  Machine  Co.,   E.   Pittsburgh,   Pa. 
ROEBER,    E.    F.,    Ph.D.    (Apr.    3,   '02)    Ed.    Electrochem.    &   Met.   Ind.,    114    Liberty 

St.,    New   York. 
ROEPPER,  C.  W.    (Apr.   3,  '02)   Mt.  Airy  Station,   Philadelphia,   Pa. 
ROGERS,  -A^.  J.   (Feb.  5,  '03)  Teacher  of  Phys.   Chem.,  South  Division  High  School; 

res.   31S  Ogden  Ave.,  Milwaukee,  Wis. 
ROLLER,   F.  W.    (Apr.   3,   '02)   Elec.   Instruments    (Machado   &  Roller),   203   Broad- 
way,  New  York. 
ROLLER,   H.   C.    (Apr.   3,  '02)   35  Rugby  Road,   Brooklyn,   N.   Y. 
ROLLINS,   Wm.    H.    (Apr.    3,   '02)    250   Marlborough   St.,    Boston,   Mas.s. 
ROSEBRUGH,  Prof.  T.  R.   (Apr.  3,  '02)   School  of  Practical  Science,  Toronto,  Ont., 

Canada. 
ROSS,    G.    McM.    (Apr.    3,    '02)    Union   Copper   Mining   Co.,    Copperopolis,    Calaveras 

Co.,   Cal. 
ROSSL   A.   J.    (Apr.   3,  '02)   35  Broadway,   New  York. 
ROUSH,    Gar   A.    (Feb.    6,    '04)    Ensenada   de    Mora,    Cuba. 
ROWAND,    Lewis   G.    (Apr.   3,    '02)    N.    J.    Zinc   Co.,    Franklin   Furnace,    Sussex   Co., 

N.  J. 
RUDR.A,    Sarat  C.    (Mar.   5,   '04)    Consult.   Min.    Eng.,    2963   Webster   St.,    San   Fran- 
cisco,   Cal. ;   res.    Calcutta,    India. 
RUHL,   Louis    (Dec.   2,  '05)   Asst.   Sec'y,   The  Roessler  &  Hasslacher  Chem.   Co.,   100 

William   St.,   P.   O.   Box   1999,    New  York. 
RUSHMORE,    David    B.    (Apr.    3,    '02)    Railway    Eng.    Dept.,     General     Elec.     Co., 

Schenectady,  N.  Y. 
RUSSELL,   Chas.  J.    (Apr.   3,   '02)   District  Mgr.,   The  Phila.   Elec.   Co.,   4522   Frank- 
ford  Ave.,   Philadelphia,   Pa. 
RUTHENEURG,   Marcus    (Apr.    3,   '02)    Lockport,   N.    Y. 
RYNARD,    Wm.    T.    (Aug.    5,    '05)    Gen.    Mgr.    Vanadium-Alloys    Co.,    25   Broad   St.; 

res.   116   Riverside  Drive,  New  York. 
-SADTLER.   Philip  B.    (Nov.  3,  '06)   Chem.,  W.  Va.   Pulp  and  Paper  Co.,  Mechanic- 

ville,   N.  Y. 
SADTLER.    Samuel    P.,    LL.D.    (Apr.    3,    '02)    Consulting   Chemist,    39    S.    10th    St., 

Philadelphia,    Pa. 
SADTLER,    Samuel    S.    (Apr.    3,    '02)    with    S.    P.    Sadtler    &    Son,    Consulting    and 

Analytical  Chemists,  39  S.  10th  St.,  Philadelphia,  Pa. 
SAKAI,    S.    (Apr.    2,   '04)    Electrochem.,   Yokohama  Gas  Works,    Yokohama,    Japan. 
SALOM,   Pedro  G.    (Apr.   3,  '02)   333  Walnut  St.,   Philadelphia,   Pa. 
SAUNDERS,  Prof.  A.  P.    (Apr.   3,  '02)   Hamilton  College,   Clinton,   N.  T. 
^AXE,  Sigmond   (Jan.  7,  '05)   Secretary  Amer.  Acid  and  Alkali  Co.,  Bradford,  Pa.; 

res.   107  Manhattan  Ave.,  New  York. 
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SCHLUEDERBEltC!.    Carl    O.    (Fob.    2,    '00)    Studont,    Elpctrochcm.,    Cornell    Unlv  • 

res.    71.'.   E.    liutYalo  SI.,   Ithaca.   N.   Y. 
fiCHI.ESINCblU,    Harthold    E.    (Nov.   6,   "02)    The   Merrlmac   Chem.   Co.;   res.   92   Mt. 

Vornon   St.,    Boston,    Mass. 
SCHLUNUT,    Horniaii    (Nov.    :.,    "04)    Asst.    Prof.    Phys.    Chem.,    Univ.    of    Missouri; 

reM.  801  College  Ave.,  Columbia,  Mo. 
SCHOCH.    Dr.    EuRone   P.    (Oct.    1.    *C4)    Adjunct   Prof,    of   Chem.,    Univ.    of   Texas- 

ros.   714   \V.   23d  St..   Austin,   Tex. 
SCHOLL,   Dr.  Geo.   P.    (Sept.   4,   '03)   929  Chestnut  St.,  Philadelphia,   Pa. 
SCHUETZ.    Fred.    F.    (Oct.    1,    '04)    Solicitor    of    Amer.    and    Foreign    Patents    and 

Mech.    Eni?.,   1.12   Na.s.sau  St.,   New  York. 
SCUDDER,   Heyward   (Sept.  4,  '03)   21  E.  22d  St.,   New  York. 

SERGEANT.   Elliot  M.    (Oct.   1.   '04)   Engineer  Gen'I  Stor.   Bat.   Co.,   Boonton,   N.   J. 
SETHMAN,   Geo.  H.    (Nov.   G,  '03)   Engineer  and  Contractor,   404-5  Klttredge  Bldg. ; 

res.    !)5S    Lincoln  Ave.,   Denver,   Colo. 
SEWARD,   Geo.   F.    (Apr.   4,  '03)   Wilson  Aluminum  Co.,   99   Cedar  St.,   New  York. 
SEWARD,    Geo.   O.    (Apr.    3,   '02)   Vice  Pres.   and  Gen'I  Mgr.   The  Va.  Electrolytic 

Co.,   Ilolcomb's  Rock,   Va. 
SHATTUCK,   A.   F.    (Apr.   3,  '02)   The   Solvay  Process  Co.,   Detroit,   Mich. 
SHAW,    E.    C.    (Apr.    3,    "02)    The   B.    F.    Goodrich    Co.,    Akron,    Ohio;    res.    120    S 

Union  St. 
SHAW.   Prof.   H.  B.    (Apr.   3,  '02)   Univ.   of  Missouri,   Columbia,   Mo.,   Prof,   of  Elec. 

Engineering. 
SHELDON,   Dr.   Samuel   (Apr.   3,  '02)   Prof,   of  Physics  and  Elec.  Eng.,   Polytechnic 

Inst.,   Brooklyn,   N.   Y. 
SHEPHERD,   Lee   (Mar.   5,  '03)   Dow  Chemical  Co.,   Midland,  Mich. 
SHIELD.S,   Dr.  John    (Dec.   4,   '02)   4   Stanley  Gardens,   Cricklewood,  London,   N.  W.. 

Eng.,  and  Minas  de  Rio  Tinto,   Provincia  de  Huelva,   Spain. 
SHIX.ro.    Y.    (Nov.    5.   '04)    Chief   Eng.    Tokyo   Elec.   Co.,    1   Amishirocho,    Azabuku. 

Tokyo,  Japan, 
SHINN,  A.  II.   lOct.   i5,  'OC)  Head  of  Lab.,  Decker  Elec.   Mfg.  Co.;  res.  1224  N.  12th 

St.,   Philadelphia,    Pa. 
SHINN,    F.    L.    (Jan.    S,    '04)    Instructor   in   Chem.    Dept.,    Univ.    of   Wisconsin;    res. 

121fl   Spring  St.,  Madison,   Wis. 
SHORE Y,  Edmund  C.    (Apr.   3,  '02)   P.  O.  Box  360,   Honolulu,  H.  L 
SJOSTEDT,  E.   A.    (Sept.   4,  '03)   Chief  Metallurgist,   The  Lake  Superior  Power  Co., 

Sault  Ste.  Marie,   Ont  ,   Canada. 
SKINNER,   H.  J.    (Apr.   3,  '02)   93   Broad  St.,  Boston,  Mass.,  c|o  A.  D.  Little. 
SLOCUM,    Frank   L.    (Dec.    4,    '03)    Part   Owner,    Vice-Pres.    and   Gen.   Mgr.,    Miami 

Min.  Co.,  401  S.  Linden  Ave.,  E.  E.,   Pittsburgh,  Pa. 
SMITH,    A.    T.    (Dec.    4,   '03)    Gen.    Mgr.    Castner-Kellner  Alkali   Co.,    43    Castle   St., 

Liverpool,   England. 
SMITH,  Prof.  A.  W.   (Apr.  3,  '02)  Case  School  of  Applied  Science;  res.  1971  E.   79th 

St.,   N.   E.,   Cleveland,   Ohio. 
SMITH.   E.   A.   C.    (May   9,   '03)    Metallurgist,   Bait.   Cop.   Smelting  and  Rolling   Co., 

Baltimore. 
SMITH,  Dr.  Edgar  F.    (June  3,  '05)  Prof,  of  Chem.,  Univ.  of  Pa.,  Philadelphia,   Pa. 
SMITH,    Edmund  S.    (Apr.   3,   '02)    Chemist,   The   Carborundum   Co.,    Niagara  Falls, 

N.  r. 
SMITH,  E.  W.   (Apr.  3.  '02)  74  E.  Penn  St.,  Germantown.  Philadelphia,  Pa. 
SMITH,  F.  Warren  (May  9,  '03)   Provo  City,  Utah. 
SMITH,   Prof.   Harold  B     (Sept.   4,  '03)   Prof,   of  Elec.  Eng.,  Worcester  Polytechnic 

Inst.;   res.   20   Trowbridge  Road,  Worcester,   Mass. 
SMITH,   S.   N.    (Apr.   4,  '03)   North  Shore  Reduction  Co.,   425  Andrus  Bldg.,   Minne- 
apolis, Minn. 
SMITH,    ^Vm.    (Nov.    4,    '05)    Mech.    Eng.,    Henry   Disston    &    Sons,    Inc.;    res.    6942 

Marsden  St.,  Tacony,  Philadelphia,  Pa. 
SNELLING,  W.   O.    (Oct.   2,  '02)   3412   13th  St..  N.  W.,  Washington,   D.   C. 
SNOWDON,   R.   C.    (Feb.    2,   '06)   Instructor  In  Chem.    Cornell   Univ.;   res.   420  Eddy 

St.,  Ithaca,  N.  Y. 
SNYDER,  Fred.  T.   (June  6,  '03)  Pres.  Canada  Zinc  Co.,  215  Wabash  Ave.,  Chicago, 

lU. 
SOLVAY,  Armand   (Jan.  S,  '04)  Mgr.  The  Solvay  Co.  of  Brussels,  33  Rue  du  Prince 

Albert,   Brussels,   Belgium. 
SPEIDEN,   Clement  C.    (Nov.   6,   '02)    131  Front  St.,   New  York. 
SPEIDEN,   Eben  C.    (Feb.   2,   '06)    Supt.,   Int.   Acheson  Graphite  Co.,   Niagara  Falls, 

N.   Y. 
SPERRY,   Elmer  A.    (Apr.   3,  '02)   100  Marlborough  Rd.,  Prospect  Park,   So.,  Brook- 
lyn,  N.  Y. 
SPICE,  Robert  (June  6,  '03)  Prof,  of  Chem.,  Cooper  Union  for  the  Advancement  of 

Science   and  Art.   New  York. 
STAMPS,   F.   A.    (June   2,   '06)    Chem.   Phosphorus   Compounds   Co.,    P.    O.   Box   250; 

res.    521   Jefferson   Ave..   Niagara  Falls,    N.   Y. 
STANLEY,   Wm.    (Jan.   8,   '04)   Great  Harrington,   Mass. 
STANSFIELD,   A.,   D.Sc,  A.R.S.M.    (Jan.   S,   '03)    Prof,   of  Metallurgy,   McGill  Univ., 

Montreal,  Canada. 
STEERE,    Thos.    E.    (Aug.    7,    '02)    Castner   Electrolytic    Alkali    Co.,    Niagara   Falls, 

N.    Y 
STEIN.  Emanuel   (May  9,  '03)  Gen.  Mgr.  Electro  Gas  Co.,   45  Broadway,  New  York. 
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STEIN.  Walter  M.    (Jan.   8,  '03)   Pres.   and  Gen.  Mgr.   Primos  Chem.   Co.,   Primoa, 

Delaware  Co.,   Pa. 
STEINMETZ,  Charles  P.   (Aug.  7,  '02)   Gen.  Elect.  Co.;  res.  Wendell  Ave.,   Schenec- 
tady,  N.   Y. 
STEINMETZ,  J.  A.    (Apr.   3,  '02)   401  Market  St.,   Philadelphia,   Pa, 
STEVENS,    Thos.    B.    (Apr.    2,    '04)    Metallurgist,    "Hazelmere,"    Devonshire    Road, 

Colliers'  Wood,  Merton,  S.  W.,   Eng. 
STILLMAN,   Dr.   T.  B.    (Sept.   4,  '03)   Prof,   of  Engineering  Chem.,   Stevens  Inst,   of 

Tech,   Hoboken,   N.  J. 
STOEK,   Harry  H.    (Nov.   6,  '03)   Editor,   Mines  and  Minerals,   Scranton,   Pa. 
STOFER,   Richard  C.    (July   6,   '06)    Supt.    and  Vice-Pres.   The  Norwich  Pharmacal 

Co.,   28   Hayes   St.,    Norwich,    N.   T. 
STOKES,    Henry   N.    (May   7,   '04)    Chemist,   Bureau   of  Standards;    res.    1443   Q   St., 

N.   W.,   Washington,   D.   C. 
STONE,   Chas.  A.    (Apr.  3,  '02)   Stone  &  Webster,   84  State  St.,  Boston,  Mass. 
STUTZ,   Ernest    (Apr.   7,   '04)    Vice-Pres.   and  Gen.   Mgr.   Goldschmidt   Thermit  Co., 

43   Exchange  Place,   New  York. 
SYKES,   H.  Walter   (May  7,   '04)    Consult.   Elec.   Eng.,   The  Solvay  Process  Co.;  res. 

206  i/i   Barrett  St.,  Syracuse,  N.  Y. 
SYMMES,  Whitman  (Dec.  4,  '03)   Consult.  Chem.  Eng.,  2231  Piedmont  Ave.,  Berke- 
ley, Cal. 
TADA,  Lieut    S.    (Sept.   4,  '03)   Kure  Naval  Arsenal,   Kure,  Japan. 
TAGGART,  Walter  T.   (Nov.  6,  '02)  Asst.  Prof,  in  Organic  Chem.,  Univ.  of  Penna. ; 

res.  717  Corinthian  Ave.,  Philadelphia,  Pa. 
TALBOT,   Prof.   H.    P.    (Jan.    8,   '04)    Prof,   of   Inorganic   and  Analyt.    Chem.,   Mass. 

Inst,   of  Tech.;   res.   273   Otis  St.,  West   Newton,   Mass. 
TAYLOR,  Edward  R.    (Apr.  3.  '02)   Penn  Yan,   N.  Y". 
TAYLOR,  J.  F.    (Dec.  4,  '03)   Elec.  Eng.,  Cerro  de  Pasco  Min.  Co.,  Cerro  de  Pasco, 

Peru. 
TEEPLE,    Dr.    J.    E.    (May    1,   '06)    Consult,    and   Mfg.    Chem.,    164   Front    St.,    New 

Y'ork;  res.   Montclair,   N.   J. 
TESLA,   N.    (Apr.   3,   'C2)  WardenclyfEe,   Long  Island,   N.   Y. 
THATCHER,    C.    J.,    Ph.D.    (Jan.    7,   '05)    Electrochem.,    The   Ansonia,    73d    St.    and 

Broadway,  New  York. 
THELBERG,  Dr.  John   (Apr.  3,  '02)   45  W.  32d  St.,  New  York. 
THOMA.S,   Benj.   F.    (June  6,  '03)    Sec.  Coco  Cola  Bottling  Co.,   The  Administration 

and  Trust  Bldg.,  Chattanooga,  Tenn. 
THOMAS,  C.  W.    (Apr.   3,  '02)   328  Palisade  Ave.,  West  Hoboken,   N.  J. 
THOMAS,  J.  'W.    (Apr.  3,  '02)   Hokendauqua,   Pa. 
THOMPSON,    M.    deK.,    Jr.    (Nov.    6,    '03)    Instr.    in    Electrochem.,    Mass.    Inst,    of 

Tf'Ch.,   Bo.^ton,  Mass. 
THOilPSON,    Robert  M.    (Apr.   3,   '02)    41-43  Wall   St.,   and   43-49   Exchange   Place, 

New  York. 
THOMSON,    Prof.    Elihu    (Sept.   17,   '03)    Elec,    Gen.   Elec.    Co.,    22   Monument  Ave., 

Swampscott,  Mass. 
THOWLESS,  O.  M.    (Feb.   5.  '03)   P.  O.  Box  273,   Newark,  N.  J. 
THRELFALL,   Richard   (Apr.   4,  '03)   30  George  Road,  Birmingham,   England. 
TILLBERG,  Erik  W.   (Nov.  6,  '02)  Westervik,   Sweden. 
TOCH,   Maximilian   (Nov.   6,  '03)    320   Fifth  Avenue,   New  York. 

TONE,  F.  J.   (Apr.  3,  '02)  "Works  Mgr.,  The  Carborundum  Co.,  Niagara  Falls,  N.  Y. 
TOWNSEND,  C.  P.   (Apr.  3,  '02)  918  F  St.,  N.  W.,  Washington,  D.  C. 
TRUE,  P.  E.    (Sent.  4,  '03)  Chemist,  Elgin  National  Watch  Co.,  Elgin,  111. 
TUCKER,    Samuel   A.    (Mar.    3,   '06)    Adjunct   Prof.    Electrochem.,    Columbia   Univ.; 

res.    l.=^5  E.   61st  St.,   New  York. 
ULKE,   Titus   (Apr.   3,  '02)   U.   S.   Patent  Ollice,  Vl^ashington,   D.   C. 
VALENTINE,  Wm.    (Sept.  17,  '03)   Chemist  for  A.   G.  Belts,  Lansingburgh,  N.  Y. 
VAN   WINCKEL,    W.    H.     (Dec.    1,    '06)    Mgr.    Chem.    Laboratories,    Ltd.,    148    Van 

Horni-   St. ;   res.    79   Saramen  Ave.,    Toronto,   Can. 
VAN  WINKLE,  Abr.    (Jan.  8,  '03)  Pres.  The  Hanson  &  Van  Winkle  Co.,   35  Lincoln 

Park,  Newark,   N.  J. 
VAUGHN,    C.    F.    (Nov.    6,    '02)    Supt.    Castner    Electrolytic   Alkali    Co.,    University 

Club,  Niagara  Falls,   N.  Y. 
VICAREY,  R.  W.    (Dec.   4,  '02)   91  Foregate  St.,   Stafford,   England. 
VOGE,    Adolph    L.    (Apr.    3,    '02)    Concilium    Bibliographicum,    Zurich-Neumunster, 

Eidmattstrasse  38,  Switzerland. 
VOGEL,   G.   C.    f.\pr.   3,  '02)   Pfister  &  A'ogel,   Milwaukee,   Wis. 
VOORHEE.S,    Louis  A.    (Apr.   3,   '02)    111   Carroll    Place,   New   Brunswick,    N.    J. 
WADSWORTH,  Frank  L.  O.    (July  1,  '04)   Pressed  Prism  Plate  Glass  Co.,  Morgan- 
town,  W.  Va.  ^  ,, 
WAGNER,    Henry   L.    (Apr.    3,    '02)    Prof,    of   Laryngology   in    San   Francisco    Poll- 
clinic,   2339  Bush  St.,   San  Francisco,   Cal. 
WAGNER,   Prof.   Dr.   J.    (Dec.   4,  '02)   Leipzig,   Mozartstrasse   7,   Germany. 
WAHL,  W.  H.,  Ph.D.   (Apr.  3,  '02)   Sec.  Franklin  Inst.,   15  S.   7th  St.,   Philadelphia, 

Pa. 
WALDO,  Leonard  CNov.  4,  '05)  Consult.  Eng.,  49  Wall  St.,  New  York. 
WALKER,  C.   R.    (Mar.   5,  '03)   Consult.  Chem.  Eng.,   with  Celluloid  Zapon  Co.   and 

Boston  Artificial  Leather  Co.,    711   Pacific   St.,   Stamford,    Conn. 
WALKER,   Dr.   J.  W.    (Dec.   4,  '02)    Prof,   of  Chem.,   Chem.   and  Min.   Bldg.,   McGlu 

Univ.,   Montreal,   Canada. 
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WAI-KER,   Dr.  W.   H     (Aug.   7,  '02)   Prof.   Ind.  Chom.,   Mass.  Inst,   of  Tech.,  Bcston, 

Mass. 
WAI.SH.    PhlUp    C,    Jr.    (Apr.    7,    '06)    Momber   Walsh's     Sons     &     Co.,    metal    and 

niiichlnory   merchants,   19  Grant  St.,    Newark,   N.   J. 
WATERMAN,   Frank   N.    (Apr.   3,   '02)    100   liroadway.   New  York. 
WATTS,    (Silver    P.     (Mar.     5,    '04)     Instructor    In    Applied    Electrochem.,    Univ.    of 

Wisconsin:   res.  313  Johnson  Court,   Madison,  Wis. 
WEAVEK,    W.    D.    (Apr.    3,    '02)    Editor,    Electrical    World,    114    Liberty    St.,    New 

York;   res.   55  Demarest  Ave.,   Englewood,   N.   J. 
WEBSTEK.   IMwln  S.   (Apr.  3,  '02)  Stone  &  Webster,  84  State  St.,  Boston,  Mass. 
WEEDON,    Dr.   W.    S.    (Apr.    3,   '02)    Eastern   Dynamite   Co.,    Equitable   Bldg.,    Wil- 
mington,   Del. 
WELLS.   G.   A.    (Sept.   2,   '05)   Chief  Eng.,  Adams  Express  Co.,   CI  Broadway,   New 

York. 
WELLS,   Prof.  J.  S.  C.    (Apr.   3,  '02)   cio  Silver  Fissure  MIn.  Co.,   Polaris,  Mont. 
WELLS,   J.   Walter   (Apr.    3,   '02)    392   Markham  St.,   Toronto,   Can. 
WESSON.    David    (May    1,    '06)    Mgr.    Tech.    Dept.,    The    Southern    Cotton    Oil    Co., 

Ill  S.  Mounliiin  .St.,  Montclalr,  N.  .T. 
WESTMANN,   Gl'STAF  M.    (Apr.   3,   '02)    1144  Broadway,   New  York. 
WESTON,    Edward,    ScD.,    LL.D.    (Apr.    3,   '02)    645    High   St.,    Newark,    N.    J. 
WETZLER,    Jos.    (Jan.    8,    '03)    Pres.    The    Electrical    Eng.    Inst.,    240    W.    23d   St.; 

res.  257  W.   104th  St.,  New  York. 
WHEELER,  Archer  E.    (Feb.   6,   '04)   Supt.  of  Reduction  Works,   Boston  and  Mont. 

Cons.   Cop.  and  Silver  Min.  Co.,  Great  Falls,  Mont. 
WHITE.   J.   G.    (Sept.   4,   '03)   Pres.   J.  G.   White  &  Co.,   43-49   Exchange]  Place,   New 

York;    Chairman    of    J.    G.    White    Co.,    Ltd.,    22A    College    Hill,    London,    E.G., 

England;  res.    440  West  End  Ave.,   New  York. 
WHITE,   Ray  Hill    (Oct.   2,  '02)   C.   B.   Jacobs,   52   Beaver  St.,   New  York. 
WHITING,    S.    E.    (Apr.    3,   '02)    Inst,    in   Elec.   Eng.,    Harvard  Univ.;    res.    11   Ware 

St.,  Cambridge,  Mass. 
WHITLOCK,    E.    H.    (May   9,    '03)    Asst.    Supt.    National   Carbon   Co.;    res.    1309   W. 

lllth  St.,   Cleveland,   Ohio. 
WHITNEY,   Dr.  W.  R.   (Apr.   3,  '02)   General  Elec.  Co.,   Schenectady,   New  York. 
WHITTEN,  Wm.   M.    (Apr.   3,   '02)    Box  19,   Punta  Gorda,   Fla. 
WICHERN,    Dr.    G.    (Jan.    6,    '06)    G.    Amsinck    &   Co,    6    Hanover    St.,    New   York; 

res.   Hamburg,   Germany. 
WIECHMANN,   F.  G.    (Apr.   3,  '02)   P.  O.   Box  79,   Sta.  W..  Brooklyn,   N.   Y. 
WIGGLESWORTH,  Henry   (June  6,  '03)   Mfg.  Chem.,  General  Chem.   Co.,   25  Broad 

St.,   New  York. 
WILBERT,   M.    I.    (Apr.    3,    '02)    German   Hospital,    Philadelphia,   Pa. 
WILDER,   F.   L.    (Feb.   6,   '04)   Chief  Metallurgist,   St.   John  d'el  Rey  Min.    Co.,   Ltd., 

Morro  Velho,  Viila  Nova  de  Lima,    Minas  Gcraes,    Brazil. 
WILDER,   Stuart    (Apr.   3,  '02)   Northern  Westchester  Lighting  Co.,   Ossining,   N.  Y. 
WILEY,   Dr.   H.   W.    (Jan.   S,   '03)    Chief  of  Bureau  of  Chem.,   Dept.   of  Agriculture, 

Washington,    D.   C. 
WILLARD,    H.    H.    (Feb.    4,    '04)    Asst.    in   Qualitat.    Analysis,    Univ.    of   Mich.,    644 

E.   University  Ave.,   Ann  Arbor,   Mich. 
WILLIAMS,  H.  J.    (Mar.  3,  '06)   5019  Franklin  St.,  Frankford,  Philadelphia,   Pa. 
WILLIAMS.    John    T.    (Apr.    2,    '04)    Glenbrook   Ave.,    Stamford,    Conn.,    office    27 

William  St.,    New  York. 
WILLS,   J.   Lainson    (Apr.   7,  '06)   Vice-Pres.   and  Dir.   Nat.   Brewer's  Academy  and 

Consult.   Bureau,   400   W.   23d  St.,   New  York;   res.   133   Mldwood   St.,    Brooklyn, 

N.  Y. 
WILLS,  J.   ]\r.    (Nov.   6,   '03)   Mgr.   and  Treas.  U.   S.   Stoneware  Co.,  Akron,   Ohio. 
WINSHIP,    Dr.    Walter   E.    (Aug.    5,    '05)    Elec.    Eng.,    Gould    Stor.    Bat.    Co.,    1   W. 

34th  St.,   New  York. 
WITHERSPOON,   R.   A.    (Oct.   2,   '02)   Shawenegan  Carbide  Co.,   Shawenegan   Falls, 

Que.,   Canada. 
WITHERSPOON,  T.  A.   (Apr.   3,  '02)  Exam.  U.  S.  Patent  Office,  Washington,  D.  C. 
WITTNEBEL,   Ernest   S.    fOct.    1,   '04)    Chemist,   A.   Klipstein  &   Co.,    122   Pearl   St., 

New  York. 
WOLCOTT,   Townsend    (Apr.   3,  '02)   39  Whitehall  St.,   New  York. 
WOLCOTT,    E.    R.    (Aug.    3,   '06)    Prof,   of  Physics,    Colo.   School   of  Mines,    Golden, 

Colo. 
WOLFF,    Dr.    Frank   A.    (May    7,    '04)    Asst.    Physicist   Nat.    Bureau   of    Standards, 

Prof,   of  Elec.   Eng.,    Columbian   Univ.,   Washington,   D.   C. 
WOLF,    H.   J.    (Sept.   7,   '06)    Camp   Bird,   Ltd..    Camp  Bird,   Colo. 

WOOD,   E.  F.    (Apr.   3,  '02)  Vice-Pres.  Int.  Nickel  Co.,  43  Exchange  PI.,   New  York. 
WOODWARD,    J.    M.     (May    6,    '05)    1228    Citizens'    Bldg.;    res.    1193    E.    99th    St., 

Cleveland,  Ohio. 
WRAY,   Edward    (Jan.   7,   '05)    76   Columbia  Heights,   Brooklyn,   N.   Y. 
YOUNG,  W.   D.   (Apr.   3,  '02)  Elec.  Eng.  B.  &  O.  R.  R.  Co.;  res.  309  Oakdale  Road, 

Roland  Park,  Baltimore,   Md. 
ZELLER,    Edwin  A.   Jr.    (Mar.    5,   '04)    Lock  Box   1630;   res.   433   E.   Mt.   Airy   Ave., 

Philadelphia.    Pa. 
ZIMMERMAN,  C.   I.    (Feb.   5,  '03)   The  Carborundum  Co.,  Niagara  Falls,   N.   Y. 
ZIMMERMAN,   J.   G.    (Nov.   6,  *02)   Mgr.   Electric  Vehicle  and  Garage   Co.;   res.   622 

Otjen   St..   Milwaukee,   Wis. 
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UNITED  STATES. 


AKIZOXA. 

Prescott. — 

Finney,    C.    E.,    Arizona   Smelting   Co. 
Haegott,    Ernest    A. 
TncBon. — Free.    Edw.    E.,    Ariz.    Agr.    Exp. 
Station. 


AKKANSAS. 


FayetteTille. — Gladson. 
Univ.   of  Arkansas 


Prof.       TV.       N , 
120  Maple  St. 


CALEFOK>TA- 

Berkeley. — 

Butters,   Chas. 

Lee,  F.  V.   T.,   2600  Piedmont  Ave. 

Parsons,   Dr.   Louis  A.,   Univ.   of  Cal. 

Symmes,  Whitman,  2231  Piedmont  Ave. 
Claremont. — G.    G.    Hitchcock. 
Copperopolis     (Calaveras    Co.). — Koss,    G. 

McSr.,   Union  Copper  Min.   Co. 
Ix>8      Angeles. — Arden,       Henry,       Pacific 

Elec.    Bldg. 
Martinez. — 

Magnus,    Benj.,    The    Mountain    Copper 
Co. 

Peyton,   'VT.    C. 
Palo  AJto. — James,   C.  C,   430   Kipling  St 
Sacramento. — Lichthardt,   G.,   cor.   18th  & 

M    St=. 
San   PYaneisco. — 

Allen,   ^■.   H.,   202   California  St. 

Bates,    Vi'm.    S. 

Bauer,    Geo.   W.,    1722   Buchanan   St. 

Emery.  Arthur  L.,   426  Crossley  Bldg. 

Humblot,    E.,    618    California   St. 

Hunt,    A.    M.,    202   California   St. 

Molera,   E.  J.,    2025   Sacramento   St. 

Rudra,    S.    C,    2963   Webster    St. 

■Wagner,  Dr.  Henry  L.,  2339  Bush  St. 
Santa     Cruz. — Henning,     Clarence     I.     B., 
Cal.    Powdpr   Works. 

COLORADO. 
Aspen. — Doolittle.    Clarence    E. 
Boulder. — Davis,   ^Wm.   H.,    1720  Spruce  St. 

Evans.   H.   S.,   Univ.   of  Colo. 
Camp  Bird. — Wolf,   Harry  J.,   Camp  Bird, 

Ltd. 
Denrer. — 

Frenzel,   A.   B.,   512   Equitable   Bldg. 
Fritchle,    O. .P.,    1453   Clarkson   St. 
Gahl.   Dr.   Rudolf,    1755   Arapahoe   St. 
Sethman.    G.    H.,    958   Lincoln   Ave. 
Golden. — W^olcott,    E.    R.,    Colo.    School   of 

Mines. 
readvUIe. — Kvle,   T.   D.,   106  E.   5th   St. 


Victor. — Clark,     Jos 
Hotel. 


Jr.,     c]o    Baltimor* 


CONNECnCCT. 

.\nsonia. — Grower,    Geo.    G.,    133    Tremont 

St. 
Hartford. — 

Corson,    Wm.    R.    C,    36    Pearl   St. 

Johnson,   W^.    McA.,    69    Hartford   St. 
>'ew    Haven. — Bradley,    "S^'alter    M.,     134* 

Chapel    St. 
Stamford. — 

W^alker,  C.  K.,  711  Pacific  St. 

Williams,    John    T.,    Glenbrook    Ave. 
Windsor. — Brown,    C.    D. 

DELAWARE. 

Wilmington. — ^^S'eedon,  Dr.  W.  S.,  Eastern 
Dynamite    Co. 

DISTRICT  OF  COLUSIBIA. 

Waehingrton. — 

Byrnes,    Dr.    E.    A.,    918   F   St.,    N.W. 
Cameron,    Frank   K.,    Ph.D.,    Bureau   of 

Soils,   U.    S.   Dept.   of  Agriculture. 
Dewey,    Frederic   P.,    Lanier   Heights. 
Ewin,   Jas.   L..   900   F  .St.,   N.W. 
Frazier,    Robt.   F.,    918    F   St.,    N.W. 
Harris,   J.   "W.,   Patent   Office. 
Holton,  F.  A.,   620  F  St.,   X.^W^. 
Hopkin.s,  Prof.  N.  Monroe,   1718  H  St. 
Lloyd,  Dr.  M.  G.,  Bureau  of  Standards. 
Lucke,     Henry     J.,     Room     177,     U.     S. 

Patent    Office. 
Patten,    H.    E.,    Ph.D.,    Bureau   of   Soils. 

Dept.    of   Agr. 
Reber,  Col.  Samuel,  Army  W^ar  College. 
Snelllng,  W.   O.,   3412   13th   St.,   N.W. 
Stokes,  Hearv  N.,  Bureau  of  Standards. 
Townsend,    C.   P.,   918   F   St.,   N.W. 
Ulke,    Titus,    U.    S.    Patent   Office. 
Wiley,    Dr.    H.   W^.,    Chief   of   Bureau   of 

Chem..    Dept.    of  Agr. 
Wither.'jpoon.  T.  A.,  U.  S.  Patent  Office. 
Wolff.    Dr.    Frank,    National    Bureau   of 

Standards. 

FLORIDA- 

Jarlisonville. — Meldrum,     Archibald,     Box 

137. 
Pnnta  Corda. — "Whitten.  Wm.  M.,  Box  19. 

GEORGI.\. 

Savannah. — Nunn,   Dr.    R.    J.,    5   Tork  St., 
East. 
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ILLINOIS. 
Chlcniro. — 

Askew,   C.   B.,    1652   Monadnock   Bldj,'- 
Congt^r,    R.    T.,    Chlcat'o   Edison   Co. 
Uryer.   Ervlii.    171   La  Salle   St. 
Freoniaii,   ('.    E.,    Armour  Inst. 
Gardnor,   Stoj)hoii,   131)   Aduin.s  St. 
Hall,    Jos.    B.,    CIG    W.    C5th    Place. 
Hoaklns,    \Vm.,    81    S.    Chirk   St. 
Knapp,    Goo.    O.,    157    Michigan    Ave. 
Long,    F.    H.,    84    Adams    St. 
Lyman,   Jas.,    1017   Monadnock  Bldg. 
McCoy,    Herbert    N.,    Univ.    of    Chicago. 
Morchead,    .1.    M.,    157    Michigan    Ave. 
Price,  Edgar  F.,  Union  Carbide  Co.,  157 

Michigan    Ave. 
Rochlltz,     Prof.     O.    A.,     1962     Kenmore 

Ave. 
Snyder,   F.   T.,    215  Wabash  Ave. 
East  St.  Louis. — Hambuechen,  Carl,  Pitts- 
burgh   Reduction    Co. 
Kls:in. — True,     Percival     E.,      Elgin      Nat. 

Watch   Co. 
Galesburg:. — Powell,   J.    R.,    45ti   N.    Cherry 

St. 
Peru. — Nelson,   John,   American   Nickelold 

Mfg.    Co. 
Urbana. — 

Brooks,   Prof.   Morgan.   Univ.   of  111. 
Lincoln,   Dr.   A.   T.,   Univ.    of  111. 
Parr,   Prof.   Samuel  W.,  Univ.   of  111. 
Waukegan. — Oesterle,    Wm.    F.,     Jr.,     225 

Utica    St. 
Wintlirop  Harbor. — Aiken,    Robt.   H. 

INDIANA. 

Bloomington. — Brown,   O.   W.,    429    E.    7th 

St. 
Indianiipolis. — 

Bixby,    Geo.   L.,   Pope  Motor  Car  Co. 

Hadley,    A.    N.,    Box   33. 

Pumpelly,    Jas.    K.,    Western    Stor.    Bat. 
Co. 
La  Fayette. — 

Duncan,    Thos.,    317   S.    6th   St. 

Ferry,    Prof.   E.   S.,    Purdue   Univ. 

IOWA. 

Decorah. — Mott,   W.    R. 

KANSAS. 

Topeka. — Nutter,    Coleman,   E.,    cIo   A.,    T. 
&    S.    F.    General   Offices. 

KENTUCKY. 

Danville. — 

Clark,    Friend    E.,    Ph.D.,    Central    Uni- 
versity  of   Ky. 
Gordon,    Prof.    C.    McC,    Central    Univ. 
of  Ky. 

LOUISIANA. 
New  Orleans. — 

Porter,   John  L.,   Lab.   of  Sewerage  and 
Water   Board. 

MAINE. 
Great    Works. — Larchar,    A.     B.,     Penob- 
scot   Chem.     Fibre    Co. 
Lewlston. — Robinson,       Almon,       Webster 

Road. 
Portland. — Kimball,    Di     W.    H.,    91    Fes- 
sender.    St. 
Rnmford  Falls. — 

Barker,    E.    R.,    Box    273. 
McMaster,    Daniel,    Oxford    Paper   Co. 
Waterville. — Reuterdahl,    Prof.    A.,    Colby 
College. 


MAItYLAND. 

Kiiltlinore. — 

Kelh  r,    Edward,    P.    O.    Box   724. 
Knorr,    Aug.    B.,   Balto.,   C.   S.   &  R.   Co. 
Smith,   E.   A.   C,   Balto.,   C.   S.   ^  R.   Co. 
Young,   W.   D.,  B.    &  O.   R.   R.   Co. 

MASSACHUSETTS. 

Amherst. — Howard,     Prof.     S.     F.,     Masa. 

Agrl.    College. 
Boston. — 

Amster.    N.    L.,    32    Equitable    Bldg. 
Blake,    Prof.    L.   I.,    88   Broad   St. 
Bridges,    J.    S.,    Jr.,    159    Devonshire    St. 
Buchanan,   L.   B.,    84   State  St. 
Carmlchael,   Dr.   Henry,   176  Federal  St. 
Claflln,   A.   A.,    7   Sears  St. 
Clapp,   E.   H.,   35  Federal  St. 
Goddard,   C.   M.,   55   Kllby   St. 
Goodwin,     Dr.     H.     M.,     Mass.     Inst,     of 

Tech. 
Little,   A.   D.,    93   Broad   St. 
Locke,    .las.,    Mass.    In.st.    of   Tech. 
Pratt,    F.    S.,    93    Federal    St. 
Rollins,    Wm.    H.,    250    Marlborough    St. 
Schlesinger,   B.   E.,   92  Mt.  Vernon  St. 
Skinner,    H.   J.,   93   Broad   St. 
Stone,    Chas.   A.,    84   State  St. 
Talbot,  Prof.  H.  P.,  Mass.  Inst,  of  Tech. 
Thompson,  M.   DeK.,  Jr.,   Mass.   Inst,  of 

Tech. 
Walker,     Dr.     W.     H.,     Mass.     Inst,     of 

Tech. 
Webster,    Edwin    S.,    93   Federal   St. 
Brookline — Howard,  Henry,   36  Amory  St. 
Cambridgre. — 

Adams,    Prof.    C.    A.,    Harvard   Univ. 
Adams.  Dr.   I.,  1776  Massachusetts  Ave. 
Kennellj',  Dr.  A.  E.,   Harvard  Univ. 
Richards,   Dr.    T.  W.,   Harvard  Univ. 
Whiting,   S.   E.,   11  Ware  St. 
Chelsea. — Dennison,    Chas.    H.,    SV2    John 

St. 
Dedham. — Coggeshall,     G.     W.,     Chestnut 

St. 
Great    Barrington. — Stanley,    William. 
Lawrence. — Alden,    John. 
Lynn. — Heath,    H.    E.,    99   Laighton   St. 
Maiden. — Berry,    E.   R.,    107   Cross   St. 
Newton    Centre. — Melcher,    Arthur    C,    5t 

Bowen   St. 
Pittsfipld.— 

Blake,    S.    H.,    Stanley   G.    I.    Elec.    Mfg. 

Co. 
Kelley,    Dr.    John    F.,     284    W.    Housa- 
tonic    St. 
Springfield. — Pickering,      Oscar      W.,      20 

Lenox    St. 
Swampscott. — 

Fleming,   R.,   148  Elmwood  Road. 
Thomson,     Prof.     Elihu,     22    Monument 
Ave. 
Worcester. — 

Higgins,   Aldus  C,   Norton  Co. 
Jeppson,     George     N.,      Norton      Emery 

Wheel    Co. 
Smith,  Prof.  H.  B.,  Worcester  Polytech. 
Inst. 

>nCHIGAN. 
Ann  Arbor. — 

Bigelow,    S.    Lawrence.    1520   Hill    St. 
Carhart,   Prof.   H.    S.,   Univ.   of  Mich. 
Johnson,    Otis    C,    730    Thayer    St. 
T-angley,   Prof.   J.   W.,   2037   Geddes  Ave. 
Patterson,   Dr.   G.  W.,   814  S.  University 

Ave. 
Willard.    H.    H.,    644   E.   University  Ave. 
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Bay  City. — Davies.   M.   L.,   N.  Am.   Chem. 

Co. 
Detroit. — 

Barnes,    S.    G.,    310    Boulevard   West. 

Herbert,   C.    G.,   303   Hubbard   Ave. 

Ramage,   A.   S.,  American  Color  Co. 

Shattuck,  A.  F.,  The  Solvay  Process  Co. 
Dollar  Bay. — Fernberger,    H.   M. 
Midland.— 

Dow,    Herbert    H. 

Shepherd,    Lee,    The   Dow   Chemical   Co. 
Sanlt  ate.  Marie. — Edmands,   I.   R.,  Union 

Carbide    Co. 
Wyandotte. — Gibbs,   A.   E. 

MINNESOTA. 

Dulutli. — Hatter,  C.  P.,  Am.   Carbolite  Co. 
Minneapolis. — 

Frankforter,  Prof.  G.  B.,  Univ.  of  Minn. 
Smith,    S.    N.,    425   Andrus   Bldg. 

MISSOURI. 
Columbia. — 

Brown,   Prof.  "W.   G.,   Univ.   of  Mo. 
Schlundt,    Herman,    801    College    Ave. 
Shaw,   Prof.   H.   B.,   Univ.  of  Missouri. 
Kansas   City. — 

Hofmann,    Ottokar,   3002   E.   7th  St. 
Kent,    Jas.   M.,    2726   Holmes   St. 

MONTANA. 

Corbin. — Malm,    John    Lawrence. 
Great  Falis. — 

Burns,     W.     T.,     Boston     and    Montana 

Smelter. 
Pyne,   Francis  R.,   Boston  and  Montana 

Smelter. 
"Wheeler,   Archer   E. 
Uelena. — Gerry,      M.      H.,      Jr.,      Missouri 

River    Power    Co. 
Polaris. — Wells,     Prof.     J.     S.      C,      Silver 
Fissure    Min.    Co. 

NEW  HAMPSHIRE. 

Berlin. — Barton,    C.    B.,    Burgess    Sulphite 
Fibre    Co. 

NEW    JERSEY. 

Arlington. — Joyce,    C.    M.,    Box   23. 
Boonton. — 

Sergeant,   E.  M.,  Gen'l  Storage  Bat.   Co. 
Camden. — Robbins,   W.   A.,   904   Cooper  St. 
Dover. — Hough,   Arthur. 
Dunnfield. — Keith,    Dr.    N.    S. 
East   Orange. — 

Aylsworth,    J.   W.,    223   Midland  Ave. 

Fliess,   R.    A.,    21    S.    Clinton   St. 

Holland,   Walter  E.,   211  Arlington  Ave. 
Elizabetb. — Addicks,     Lawrence,     420     N. 

Broad    St. 
Franklin  Fumade. — Rowand,   L.   G.,   N.  J. 

Zinc    Co. 
Glen   Ridge. — 

Barr,    B.   M.,    50   Lincoln   St. 

Bristol,   Wm.   H.,   Stevens  Inst,   of  Tech. 
Hobolten. — Stillman,    Dr.    T.    B.,    Stevens 

Inst,    of   Tech. 
Maurer. — 

Colcord,    Frank    F. 

Wesson,   David,    111    S.   Mountain   St. 
Newark. — 

Colbv,    E.    A.,    Baker  Platinum  Works. 

Gifford,    Wm.    E.,    408   N.    J.    R.    R.   Ave. 

Thowless,    O.    M.,    P.    O.    Box   273. 

Van  Winkle,   Abr.,    35   Lincoln   Park. 

Walsh,   Philip   C   Jr.,    19   Grant   St. 

Weston.     Edward,      Sc.D.,      LL.D.,      645 
High   St. 


New  Brunswick. — Voorhees,   Louis  A.,   Ill 

Carroll    Place. 
Orange. — Edison,    Thomas    A. 
Perth   Amboy. — 

Easterbrooks,     F.     D.,     Raritan     Copper 

Works. 
Emrich,    Horace   H.,    142   Water   St. 
Foersterling,      Dr.      Hans,      Roessler    St 

Hasslacher  Chem.   Co. 
Moses,    Herbert   B.,    174    Brighton    Ave. 
Philipp,    Herbert,    84    High   St. 
Princeton. — Hulett,   Geo.   A.,    2   Murray  Pi. 
Upper    31ontclair. — Palmer,    Chas.    S.,    637 

Valley    Road. 
West    Hoboken. — Thomas,    Chas.    W.,    328 

Pali.sade    Ave. 
Woodbridge. — Doney,   D.   C. 
Woodbury. — Norman,     Geo.    M.,    75    Aber- 
deen   Place. 
Wyckoff. — Browne,   Wm.    Hand.    Jr. 

NEW  YORK. 

.\lbany. — McEhoy,  Jas.  F.,  131  Lake  Ave. 
Auburn. — Case,    Willard    E.,      c|o     R.      L. 

Janes,    122   Genesee   St. 
Brooklyn. — 

Drobegg,   Dr.    G.,    11   Bartlett  St. 

Gabriel,    G.    A.,    1611   Beverly   Road. 

Haslwanter,    Chas.,    86    Pilling    St. 

Maywald,   F.    J.,    1028   72d  St. 

Nodell,    Wm.    L.,    243   S.    4th   St. 

Roller,    H.    C,    35    Rugby    Road. 

Sheldon,    Dr.    Samuel,    Polytechnic   Inst. 

Sperry, -E.    A.,    100    Marlborough    Road, 
Prospect    Park,    South. 

Wiechmann,     F.     G.,     P.      O.      Box      79, 
Station  W. 

W^ills,    J.    Lainson,    133    Midwood    St. 

Wray,   Edward,   76   Columbia  Heights. 
Buffalo. — 

Bierbaum,    C.    H.,    418    Prudential   Bldg. 

Devine,    Jos.    P.,    312    Mooney-Brisbane 
Bldg. 
Clinton. — Saunders,    Prof.    A.    P.,    Hamil- 
ton   College. 
Eimira. — Carrier,  C.  F.,  Jr.,  511  Union  PI. 
Hinckley. — McKee,    Geo.    M. 
Ithaca. — 

Bancroft,    Dr.    W.    D.,    Cornell    Univ. 

Dennis,    Prof.   L.   M.,   Cornell  Univ. 

Mather.s,    F.    C,    217   Mitchell   St. 

Schluederberg,    Carl   G.,    715   E.    Buffalo 
St. 

Snowdon,   R.   C,    420   Eddy   St. 
Kingston. — Granja,    Rafael,    Box    799. 
Lansingburgb. — Valentine,     Wm. 
Lockport. — 

Kenan,    Wm.    R.,    Jr.,    242    Genesee    St. 

Ruthenburg,    Marcus. 
Mecbanicville. — 

Griffin,    Martin    L. 

Sadtler,   P.  B.,  W.  Va.  Pulp  and  Paper 
Co. 
MonticeUo. — Isakovics,     Alois    von,     Syn- 

fleur    Scientific    Laboratories. 
Mt.    Vernon. — Blackmore,     H.    S.,     206    S. 

9th   Ave. 
New    York. — 

Albro,    A.    B.,    510  W.    23d   St. 

Allyn,   R.   S..   277  Broadway. 

Archbold.     De    Geo.,     101    Franklin    St. 

Atwood,    G.    F.,    Western    Elec.    Co. 

Austen,   Dr.   Peter  T.,    89   Pine  St. 

Bakewell.    T.    "W.,    31    Nassau   St. 

Barstow.    W.    S.,    56-58    PiTie    St. 

Baskerville.    Dr.    Chas.,    College    City   of 
New    York. 

Batchelor,    Chas.,    52   Broadway. 
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BIJur.    Jon,    4ti    W.    »6lli   St. 

Block.    Wealey    S.,    -10    Wull    St 

BoKUo,    C.    J..    213-1:15   Centrt!   HI. 

Bowman.  Wulker,  3»  CoitlanUt  St. 

Bradley.   O.   S.,   44   Broad  St. 

Brononum.    A.   A.,   y7    Water  St. 

Brown.    H.    P..    120   Liberty   St. 

Brown.    J.    Stanford,    4S9    Gth    Ave. 

Caldwell.    Edw..    114   Liberty  St. 

Cameron,   Walter  S.,   2:il»   W.   136th  St. 

Carse.    David    B.,    71    Broadway. 

Chandler.    Dr.    C.    F..    Columbia   Univ. 

Clark,   Wm.   J..    44   Broad   St. 

Cleaves.   Dr.   Margaret  A.,   C16  Madison 
Ave. 

Coho.    H.    B.,    26    Cortlandt    St. 

Crocker,   Dr.    F.    B.,    14   W.   45th   St. 

Devlin,   S.   B..    156  W.    13th   St. 

Dodg-e.     Norman,      Mergenthaler     Lino- 
type Co. 

Doremu.s,    Dr.    Chas.    A.,    65   W.    53d   St. 

Dreyfus,    Dr.   Wm.,    162    E.    95th   St. 

Duncan.    Dr.    l^ouis.    56    Pine    St. 

Dunn,    Clifford    E.,    13-21   Park   Row. 

Durant,    Edw.,    115    E.    26th    St. 

Elmer,    August,    205    3d    Ave. 

Elliot.    Arthur    H.,    4    Irving    Place. 

Faldlng,    F.    J..    55   Broadway. 

FltzGibbon,    R.,    534    Canal   St. 

Foregger.    Dr.    R.    von.    100    William   St. 

Fra.sch,    Hans   A.,    52   Broadway. 

Fries,    H.    H.,    Ph.D..    92    Reade   St. 

Goepel,    C.    P..    290    Broadway. 

Granbery.   J.    H..    43    Exchange   Place. 

Hammer,    Wm.   J.,    153   W.    46th   St. 

Hatzel,    J.    C,    571    5th    Ave. 

Havemeyer,   H.   O.,    117  Wall   St. 

Herzog,    F.   B.,   Ph.D.,    51  W.    24th   St. 

Howe,    Henry   M.,    Ph.D.,    27   W.    73d   St. 

Howell,    Wil.son    S.,    80th    St.    and    East 
End   Ave. 

Jackson,   H.   A.,    1  W.   30th  St. 

Jenks,   W.   J..    120   Broadway. 

Kahn,    Julius.    100   W.    80th    St. 

Kennedy.   J.   J.,    52   Broadway. 

Kenyon,   Wm.    H.,    49  Wall   St. 

Kern,    Edw.    F.,    Columbia  Univ. 

Klipstein.    E.    C,    122    Pearl    St. 

Knudson,    A.   A.,    34   Nassau   St. 

Langton.   John,   99  John  St. 

Lockwood,    Chas.    E.,    439    E.    144th    St. 

Loeb,    Morris,    273    Madison   Ave. 

Lyndon,    Lamar,    80   William    St. 

Macdonald.    Jas.    A.,    49    Wall    St. 

Mailloux,    r.    O..    76   William    St. 

Matthew.    H.    T.,    114    Liberty    St. 

Maynard,    Geo.    W..    20   Nassau   St. 

McNeill.    Ralph.    223    T\'.    106th    St. 

Mershon,   Ralph   D.,   116  W.    85th  St. 

Metz.    H.    A..    122    Hudson    St. 

Meyer,    Dr.    Franz,    52   Broadway. 

Monell.   A.,   43   Exchange   Place. 

Morehead.   J.   T.,   99   Cedar  St. 

Morgan,    Dr.    J.    L.    R..    Columbia  TJniv. 

Nichols,     Wm.     H.,     Sc.D.,      LL.D.,      25 
Broad    St. 

Nichols,   W.   S.,    2415   Park  Row  Bldg. 

Pattison,    Frank   A.,    Puller   Bldg. 

Potter,    Henry   Noel,    Sc.D.,    510   W.    23a 
St. 

Prindle,   E.   J.,    220   Broadway. 

Prlng,    John    N.,    245    Broadway. 

Hies.    E.    E.,    116    Nassau   St. 

Riker,    John   J.,    46   Cedar  St. 

Roberts,    I.    L.,    60   Wall   St. 

Roberts,    J.    C.,    Broadway. 

Roeber,    Dr.    E.    F.,    114    Liberty   St. 


Kollor,    F    W.,    203    Broadway. 

HoshI,   A.   J.,   3G   Broadway. 

Ruhl,   Louis,   P.  O.   Box  1999. 

Rynard,    Wm.   T.,    25    Broad   St. 

Saxe,   Slginond,    107    Manhattan   Ave. 

Schuotz,    F.    F.,    132    Na.ssau    St. 

Scuddor,    Hey  ward,    21    E.    22d   St. 

Seward,   Geo.    F.,    99   Cedar  St. 

Spelden,   C.   C,    181    Front   St. 

Spice,     Robert,     Cooper    Union    for    th« 
Advancement   of   Science   and   Arts. 

Stein,    Emanuel,    45    Broadway. 

Stutz,    E..   43   Exchange   Place. 

Teeple,  Dr.  J.   E.,    164   Front  St. 

Thatcher.   C.   J.,   The   Ansonla. 

Thelberg,  Dr.  John,   45   W.   32d  St. 

Thompson,   R.    M.,    41-13   Wall   St. 

Toch,  Maximilian,   320   5th  Ave. 

Tucker,    Samuel   A.,    Columbia   Univ. 

Waldo,    Leonard,    49    Wall    St. 

Waterman,    F.    N.,    100    Broadway. 

Weaver,    W.    D.,    114    Liberty   St. 

Wells,    G.    A.,    61    Broadway. 

Westmann,    G.    M.,    1144    Broadway. 

Wetzler,    Jos.,    257    W.    104th    St. 
White,   J.   G.,   43-49  Exchange  Place. 
White,    Ray   Hill,    52    Beaver   St. 
Wichern,    Dr.    G.,    6    Hanover   St. 
Wigglesworth,   Henry,   25   Broad  St. 
Winship,    Dr.   Walter   E.,    1    W.    34th   St. 
Wittnebel,    E.    S.,    122    Pearl    St. 
Wolcott,    T.,    39    Whitehall    St. 
Wood,   E.   F.,   43  Exchange  Place. 
Niagara   Falls. — 
Acheson,    E.    G. 

Acker,   Chas.   E.,   104-105   Gluck  Bldg. 
Acker,    O.    E.,    Acker   Process   Co. 
Barton,    Philip   P.,    352    Buffalo   Ave. 
Becket,     Fred.     M.,     Niagara     Research 

Laboratories. 
Bennie,    P.    McN.,    FitzGerald   &   Bennl* 

Laboratories. 
Benoliel,    S.    D.,    Roberts   Chem.    Co. 
Buck,   H.   W.,    123   Buffalo  Ave. 
Buck,    Leon   H.,    Acker   Process   Co. 
Carveth,  H.   R.,   Ph.D.,   IIS  Buffalo  Ave. 
Chllds,  D.  H.,  Pittsburgh  Reduction  Co. 
Coit,   Chas.   W.,    315   Buffalo  Ave. 
CoUens,   C.   L.,    2d,   Can.   Niagara  Power 

Co. 
Cox,    G.    E.,    315  Buffalo  Ave. 
Doerflinger,    W.    F.,    Acker    Process    Co. 
Earl,   W.   T.,   Acker  Process   Co. 
FitzGerald.  F.  A.  J.,  FitzGerald  &  Ben- 
nie   Laboratories. 
Fowler,    R.    E.,    The    National    Electro- 
lytic  Co. 
Franchot,   S.   P.,   Nat.   Electrolytic  Co. 
Giles,    I.    K.,    Niagara   Electrochem.    Co. 
Hall,      Chas.      M.,      Aluminum     Co.      of 

America. 
Hall,    S.   F.,    Norton   Co. 
Haskell,    F.   W.,    Carborundum   Co. 
Hedlii'nd,    Marten,    362    First   St. 
Higgins,    F.    W.,    The   Carborundum   Co. 
Horry,     W.     S.,     Cons.      Lake      Superior 

Power    Co. 
Lathwood,    Arthur,    Box    238. 
LeMare,    E.    B.,    338    First   St. 
Lidbury,    F.   A.,   Oldbury   Electro-Chem. 

Co. 
Machalske,    F.    J.,    P.    O.    Box   276. 
MacMahon,     .Tas.,     Castner    Electrolytic 

Alkali    Co. 
Marshall,    Jas.    G.,    1115   Niagara   St. 
Mauran,       Max,       Castner      Electrolytic 
Alkali    Co. 
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Moritz,  C.  H.,  Pittsburgh  Reduction  Co. 
Phillips,      Ross,      National     Electrolytic 

Co.,    Bichromate   of   Soda   Plant. 
Pretzfeld,     Dr.     C.     J.,     National     Elec- 
trolytic   Co. 
Rodgers,    A.    G.,    The   Carborundum    Co. 
Smith,   E.    S.,   The   Carborundum  Co. 
Speiden,    E.    C,    Int.    Acheson    Graphite 

Co. 
Stamps,    F.    A.,    P.    O.    Box   250. 
Steere,    T.    E.,    Castner   Electrolytic   Al- 
kali    Co. 
Tone,    F.    J.,    The    Carborundum    Co. 
Vaughn,     C.     F.,      Castner      Electrolytic 

Alkali    Co. 
Zimmerman,    C.    I.,    The    Carborundum 
Co. 
N.  Tonawanda. — King,   R.   O.,   220  Bryant 

St. 
Kor-wich. — Stofer,    Richard    C,    28    Hayes 

St. 
Ossining-. — Wilder,         Stuart,         Northern 

Westchester   Lighting   Co. 
Owego. — Covers,      Francis      X.,      By-Pro- 

ducts    Co. 
Peekskill. — Haug,    Arthur,    1710    Main    St. 
Fenn   Van. — 

Goodwin,   Jos.   H.,    331   N.   Main  St. 
Taylor.    E.    R. 
Piennont. — Main,    Wm. 
Ponghkeepsie. — Moulton,     C.     W.,     Tassar 

College. 
Prince  Bay. — Johnston.   "Wm.   A. 
Kochester. — Buckley,     Hubert,     431     Lake 

Ave. 
Sch  enect  ady . — 

Beckman,  J.  W'.,    223  Union  St. 
Berg,   Ernest  J.,   General  Electric  Co. 
Capp,   J.  A.,   General  Electric  Co. 
Creighton,    E.    E.    F.,    225   Union   St. 
Marvin,   A.    B.,   Gen.   Elec.   Co. 
Pease.    Harold   C,    Gen.   Electric  Co. 
Stelnmetz,    C.   P.,   Gen.    Electric   Co. 
Rushmore,   D.    B.,    Gen.    Electric    Co. 
Whitney,    Dr.   W.    R.,    Gen.    Electric   Co. 
Syraonse. — 

Pennock.    J.    D.,    Solvav   Process   Co. 
Sykes.    H.   W.,    20S14    Barrett   St. 
Troy. — Eetts,  Anson  G.,  Head  16th  St.,  N. 
Wardenrlyffe,    I..    I. — Tesla,    N. 
Tonkers. — 

Harrington,   Dr.   E.   I.,   87  N.   Broadway. 
Ihlder.    J.    D. 

McNaier.    J.    T.,    "Rockledge." 
Yonkers-on-Hndson. — B  aekeland,    L., 
"Snug   Rock,"    Harmony   Park. 

NORTH    CAROLINA. 

Chapel   HUl. — :\Iins,    J.    E. 
Charlotte. — Gilchrist,    Peter  S. 

OHIO. 

Akron. — 

Goodrich,  C.  C,  The  E.  F.  Goodrich  Co. 

Shaw,   E.   C,   The  B.  F.   Goodrich  Co. 

Wills,   J.   M.,  U.  S.   Stoneware  Co. 
Cincinnati. — 

Hutchinson,    E.    J.,    1245    3d   St. 

Lowenberg,   L.,   2229   Park  Ave. 
Cleveland. — 

Cowles,    A.    H.,    361,    The   Arcade. 

Crider,   J.   S.,   Lock  Drawer   "L." 

Finck.    Albert,    92    Streator   Ave. 

Graves,  "Walter  G.,  The  Grasselli  Chem. 
Co. 

Hobbs,   Dr.   P.   L..   347   Erie  St. 

Koehler,   Wm.,    1614    Superior   St. 


Smith,    A.    W.,    1971    E.    79th    St.,    N.    B. 
Whitlock,    E.    H.,    Nat.    Carbon    Co. 
Woodward,    J.    M.,    1228    Citizens'    Bldg. 
Dayton. — Deeds,    Edw.,    Nat.    Cash   Regis- 
ter   Co. 
Cast    Cleveland. — Baker,     Chas.     E.,      50 

Holyoke    Ave. 
Elyria, — Little,    C.   A.,    147   W.    Bridge   St. 
Lakevvood. — Burwell,     Dr.     A.     W.,     Kyle 

Road. 
Salem. — Davis,   D.   L.,    299   Lincoln  Ave. 
Sandusky. — Curtis,    C.    C. 
Voungstown — Klugh,    B.    G.,    8 86    Mahon- 
ing   Ave. 

OREGON. 

Eugene. — Huddle,    W.   J.,    Univ.    of   Ore. 
Portland. — Cheney,   W.    C. 

PENNSYLVANIA. 

Altoona. — Dudley,     Dr.     C.     B.,     Drawer 

156. 
-Aspinwall. — Lodyguine,     A.,     P.     O.     Box 

Z2\l. 
Bethlehem. — 

Conlin,    Fred.,    355    Market    St. 
Franklin,    Prof.    W.    S.,    Lehigh   Univ. 
Landis,  W.   S.,  211  S.  New  St. 
MacNutt,    Barry,    841   Seneca  St. 
Queneau,    A.    L.    J. 

Rau,    Albert    G.,    Supt.    Moravian    Paro- 
chial  School. 
Richards,    Dr.    J.    W. 
Bradford. — Lovejoy,      D.      R.,      Bradford 

Eng.    and    Mfg.    Co. 
Colwyn. — McConnell,    J.    Y. 
Dunbar. — Hamilton,  L.  P. 
Easton. — Hart,    Dr.    Edw.,    Lafayette   Col- 
lege. 
Hokendauqua. — Thomas,   J.  W. 
LansdowTie. — Ernst,    C.    A. 
Palmerton   (Carbon  Co.). — Buch,   N.  W. 
Philadelphia. — 

Bacon,   Ellis  W.,    3603   Baring  St. 
Banks,  TN'm.  C,  1037  E.  Chelten  Ave. 
Breed.    George,    931    Real    Estate    Trust 

Bldg. 
Brock,    Robert    C.    H.,    1612    Walnut   St. 
Clamer,   G.   H.,   Ajax  Metal  Co. 
Decker,   Frank  A.,   3314  N.   20th  St. 
Devereus,     Washington,     1625     N.     29th 

St. 
Divine,   "Wm.    P.,    2102    Tioga  St. 
Eelin.   W.    C.   L.,   235   S.   42d  St. 
Efy,   T.    N.,    P.   R.    R.    Co. 
Fahrig,    Ernest,    1017-lS    Betz   Bldg. 
Fralev,     J.     C,     1815     The     Land    Titl« 

Bldg. 
Hance,   A.   M.,  Hance  Bros.   &  White. 
Harris,  W.   D.,   3609  Ludlow  St. 
Hering,    Carl,    929    Chestnut    St. 
Hitchcock,    Fanny   R.    M.,    4038   Walnut 

St. 
Howard,    Geo.    M.,    19th    and   Allegheny 

Ave. 
Hunter,    T.    G.,    630    Real    Estate    Trust 

Bldg. 
Kitsee,  Dr.   Isador,   306  Stock  Exchange 

Place. 
Lafore,   J.    A.,    119    S.    11th   St. 
Meyer,    John.    5345    Pine    St. 
Moltkehansen,     I.     J.,     Harrison    Bros., 

Inc. 
Morris,    Henry   G.,    333   Walnut   St. 
Oliver.    F.    M.,   H.   K.   Mulford   Co. 
Paramore.   E.    C,   111   Queen  St..   Gtn. 
Paul,    Henry   N.,   Land  Title  Bldg. 


DlUIvCTORY    OP    MICMBKRS. 


27 


Perry.  II.  S..   6104  Pulunkl  Ave..  Gin. 

Hted.    C.    J..    33ia    N.    lUlh    St. 

Rodgors,    Win.    J..    &1G    Aicli    St. 

Koepper,   C.    W'.,    Ml.    Airy   Station. 

Kowltiiid,    A.   J..    4010   Osagf   Ave. 

Kus»ell,    C.    J..    45:::;    FrunkforU   Ave. 

SaiUler,  I.>r.   S.   P..   :i'J  S.    loth  St. 

Sadtler.    S.    S..    39   S.    loth   St. 

Srtloni,    Pedro   G.,   333   Walnut   St. 

Sclioll.  Dr.  G.   P.,   i)2i>  Choslnut  St. 

Shinn.  A.  J..   1224  N.   12th  St. 

Smith,   Dr.   Edgar  F.,   Univ.  of  Pa. 

Smith.   K.   W..   74   K.   Penn  St..   Gin. 

Smith.  Wm..   6942  Marsdcn  St..  Tacony. 

Slelnmetz.    J.    A.,    401    Market    St. 

Taggart,    Walter     T..     717     Corinthian 
Ave. 

Wahl,    Dr.   W.   H..   Franklin   Inst. 

WUbert.    M.    I..    German    Hospital. 

Williams,     H.     J..     5019      Franklin      St., 
Frankford. 

Zeller,   Edwin  A.,   Jr..   Lock  Box  1630. 
I'ittsburgrb. — 

Armor.    Jas.    C.    931    Vlckroy   St. 

Barrett.    Jas.    M..    Phipps    Power    Bldg. 

Flanders,    L.    H.,    Westinghouse   M.    Co. 

Greenstreet,    C.     J..      Pittsburgh     Plate 
Glas.s    Co. 

Isaacs.   A.  S..   4  04   Smithfleld  St. 

James.     Dr.     J.      H.,      Carnegie     Tech. 
School. 

Lease,   L.    J.,    159   Flavel   St. 

Lincoln.   P.    M..    6S30   Thomas   St. 

Merrill,   J.   L.,    1526-30   Park  Bldg. 

Osborne,    L.    A..    W.    E.    &   Mfg.    Co. 

Rodman,      Hugh,       Westinghouse      Ma- 
chine   Co. 

Slocum.  F.  L.,  401  S.  Linden  Ave..  E.  E. 
Primes. — 

Boericke.   Gideon,   Primos  Chem.   Co. 

Stein,    W,    M.,    Primos   Chem.    Co. 
Scranton. — Stock.      H.      H.,      Mines      and 

Minerals. 
State    College.— 

Myers.    Prof.   Ralph   E. 

Pond,    G.    G. 
Tarentum. — Hitchcock.    H.    K. 
Uniontown    (Fayette   Co.). — Baum.    I. 

RHODE    ISLAND. 

Providence. — 

Catlin,   Chas.   A.,   133   Hope  St. 
Perry.    C.   M..    4    Catalpa   Road. 

SOUTH  DAKOTA. 
Clemson  College. — Doggett.   C.   S. 

TENNESSEE. 
Chattanooga. — Thomas.    B.    F. 
Nashville. — Dudley.    Prof.    W^m.    L..    Van- 
derbilt   Univ. 

TEXAS. 
Austin. — 

Harper.   Dr.   H.   W.,   Univ.   of   Texas. 
Phillips.    Wm.    B..    Univ.    Station. 
Schoch,  Dr.   E.   P.,   714  W.   23d  St. 
Beaumont. — MacFadden,    C.    K. 
Fort    Worth. — Boon,    Prof.    J.     D.,     Poly- 
technic   College. 

UTAH. 

Bingham   Canyon. — Cates.    Louis    S.,    Bos- 
ton   Cons.    Mln.    Co. 
Bennett,    E.,    Telluride    Power    Co. 


I'rovo    City. — .Smith.    Frank    Warren, 
halt     I.aKo    City.— Merrill.     Prof.      J.      F., 
liiiv.    of    Utah. 
Pro.sHer,    H.    A.,   DOS   Dooly   Block. 

VERMONT. 

Itiirlington. — 

lioyiiton.   Dr.    C.    S..    69    N.    Prospect  St. 

Freedman,  Prof.  W.  H.,  100  S.  Union 
St. 

VIRGINIA. 
Ilolc-onib's    Rock. — 

Kugelgen,  F.  von..  The  Va.  Electro- 
lytic    Co. 

Lee,    H.    R. 

Seward,  George  C,  The  Va.  Electro- 
lytic   Co. 

WASHINGTON. 

Taconia. — Jones,      L.      J.      W..      Tacoma 
Smelting    Co. 

WEST    VIRGINIA. 

Clarksburg. — Chorpening,    Geo.    B. 
.Morgantown. — 

Hite.  B.  H.,  W.  Va.  Experiment  Sta- 
tion.  Ltd. 

Wadsworth,  F.  L.  O.,  Pressed  Prism 
Plate    Glass    Co. 

WISCONSIN. 

Madison. — 

Beebe,    Murray   C,   Univ.   of  Wis. 
Burgess,   C.  F.,   Univ.   of  Wisconsin. 
Eggers,    H.   E.,   812   W.   Johnson   St. 
Engle,   Simon  G..   127  W.   Oilman  St. 
Hanks,   M.  W.,    216   Langdon   St. 
Jackson,   Prof.   D.   C,   Univ.  of  Wis. 
Johnson,   A.   R.,    308  Mills   St. 
Kahlenberg,   Dr.   L..   234   Lathrop   St. 
Kowalke,   O.   L.,   430  Francis   St. 
.Shinn,    F.    L.,    1216   Spring   St. 
W^atts.    O.    P.,    313    Johnson   Court. 
3IU\vaukee. — 

Hutchinson,     R.     W..     Jr.,     Nat.     Brake 

and   Elec.    Co. 
Pinkerton,   A.,   1015   Railway  Exchange. 
Rogers.    A.    J.,    318    Ogden   Ave. 
Vogel,    G.    C,   Pfister  &  Vogel. 
Zimmerman,    J.    G.,    622    Otjen    St. 


AFRICA. 
CAPE  COLONY. 

Somerset     W'est. — Quinan,     Kenneth     B., 
Dynamite,  Factory. 

ALBERTA. 

Frank. — Arnold,     T.     Herbert,      The     Pass 
Power    and    Lighting    Co. 


AUSTRIA. 

Vienna. — Paweck,   Dr.   H.,    Dittesgasse,  16. 


BELGIU3I. 

Brussels. — Solvay.    A.,    33    Rue    du    Prince 
Albert. 


BRAZIL. 
IVHNAS    GERAES. 
Morro  Velho. — Wilder,    F.    L.,    Villa   Nova 
de    Lima. 


28 


DIRECTORY  OP   MEMBERS. 


BRITISH  COLUMBIA. 

Grand  Forks. — Bishop,    Walter   M. 
Nelson. — Fowler,     S.     S.,     P.     O.     Drawer 
1024. 

NEWFOUNDLAND. 

St.   Johns. — Harvey,    E.    F. 

ONTAKIO. 

Cobalt. — Evans,    J.    W. 

Copper    Cliff. — Browne,     David     H.,     Can. 

Copper   Co. 
Kingston. — Goodwin,    Prof.    W.    L. 
Ottawa. — Haff,    Max  M.,    188   Metcalfe   St. 
Sault   Ste.   Marie. — 

Rhodin,     B.    E.    F.,     Canadian    Electro- 

Chem.    Co. 
Sjostedt,    E.    A.,    Lake    Superior    Power 
Co. 
Toronto. — 

Lewis,  Henry  F.,   1103   Temple  Bldf. 
Miller,   -W.  L.,    50   St.   Albans   St. 
Rosebrugh,  Prof.  T.  R.,  School  of  Prac- 
tical   Science. 
Van    "Winckel,    W.    H.,    148    Van    Home 

St. 
Wells,   J.  Walter,   392  Markham  St. 

QUEBEC. 

Bucklngrham. — Gibbs,    W.     T.,     The    Elec- 
tric  Reduction  Co.,   Ltd. 
Montreal. — 

Barnes,    H.    T.,    D.Sc,    McGlll   Univ. 
Brandeis,   Chas.,   160  St.  James  St. 
Herdt,    Prof.    L.    A.,    McGill    Univ. 
Mcintosh,    D.,   McGill   University. 
Stansfield,    Prof.    A.,    McGill   Univ. 
Sbawenegan   Falls. — Witherspoon,    R.    A., 
Shawenegan    Carbide    Co.,    Ltd. 


FRANCE. 

La  Prar. — Heroult,   Dr.   P.   L.   T. 
Nancy. — Arth,     G.,     Rue    Grandvllle    I. 
Paris. — 

Combes,   C,   29  Avenue  Rapp. 

Drake,   Francis  E.,   45   Rue  de'l  Arcade. 

Garfield,    A.     S.,     67    Ave.    de    MalakoS 

XVI.    Arrond. 
Gin,   G.,    43   Rue  de  Levis   (Vile). 
Marie     Marie,    Charles    A.,    98    Rue    du 

Cherche   Midi. 
Versailles. — Gall,     Henry,     5    Rue    Albert 

Joly. 


GERMANY. 

Charlottenborg:. — Engelhardt,  V.,  Schloss- 

stra.sse    11,    2. 
Essen-Ruhr. — Goldschmidt. 
Frankfurt   a|M. — 
Glenck,   I.   A.   H. 

de  Neufville,  Dr.  R.,  Junghofstrasse  14. 
Hanau. — Heraeus,    Heinrich. 
Hocbt,   a|M. — Reisenegger,    Dr.    H.,    Farb- 

werke. 
Karlsruhe. — Habel,     Prof.    Dr.    F.,    Tech- 

nische    Hochschule. 
Leipzig. — 

Le   Blanc,    Prof.    Dr.    M.,    Physikalisch- 
Technisches,    Institut    der    Unlver- 
sitat. 
Wagner,    Dr.    J.,    Mozart   Strasse    27. 
Numberg. — Askenasy,   Dr.    Paul,    Jagdstr. 
12. 


HAWAIIAN  ISLANDS. 

Honolulu. — Shorey,   E.   C,   P.   O.  Box  360. 


CUBA. 

Ensenada  de  Mora. — Roush,    G.    A. 


ENGLANT). 


Richard, 


30 


Birmingrham. — Threlfall, 

George    Road. 
Liverpool. — Smith,    A.    T.,    43    Castle   St. 
London. — 

Ashcroft,    E.    A.,    82   Victoria   St.,    S.  W. 
Cowper-Coles,    S.,    Grosvenor   Mansions, 

Victoria    St. 
Perkin,   Dr.   F.  M.,   103   Borough  Road. 
Shields,     Dr.     J.,     4      Stanley      Gardens, 
Cricklewood. 
Manchester. — Hutton,     R.     S.,     The     Uni- 
versity. 
Merton. — Stevens,     T.      B.,      "Hazelmere," 
Devonshire    Road,     Collier's    Wood, 
S.    W. 
Newcastle-upon-Tyne. — 

Ewing,    A.    J.,    158   Rye   Hill. 

Leathart,    Jas.     G.,     Locke    Blackett    & 

Co.,    Ltd. 
Merz,    Chas.    H.,    Collingswood   Bldgs. 
Sheffield. — Hadfleld,      R.       A.,      Parkhead 

House. 
Stafford. — Vlcarey,  R.  W.,  91  Foregate  St. 


INDIA. 

Bangalore. — Gibbs,     H.    P. 
Sivasamudram. — Hobble,    A.    C. 


ITALY. 
Rome. — 

Morani,    Fausto,    66   Via  Due    Macelll. 
Paterno,     Prof.     Emanuel,     via     Panls- 
perna. 


JAPAN. 


Kure   Naval   Arsenal. 
Prof.       M.,       Univ.       of 


Kure. — Tada,    S. 
Kyoto. — Namba, 

Kyoto. 
Osaka. — Fukuda,    M.,     IS     Watayamachl- 

Kitaku. 
Tokyo. — 

Brindley,   G.   F.,    3   Itchome,  Uchlsalwal 

Cho,     Kojimachi-Ku. 
Nakayama,   Takakichi,   Fugl  Paper  Co., 

Sanjikkenbori. 
Masujima,   B.,   K.   Takebe,   25  Gazenbo- 

Cho,    Azabukn. 
Shinjo,   T.,   78   Miyamuracho,   Azabn. 
Tada,  Shigekane,   1st  Section  of  Kwan- 
seihonbu,    Navy  Dept. 
Y'okobama. — Sakai,    S.,     Yokohama     Ga« 
Works. 


DIRIXTORY    OP    MKMP.KRS. 


29 


MKXICO. 

Akiiuncii1Ii*ii(<<h. — CiircluiKi,    Ji-sus. 

CuUllllftt. tiUcHh.       Cl.      A.,         L'Ulltllll'il        Cull. 

■  ■..pp.T  r.. 
DUiiiinltu     (DiiriiiiKo). — ChtnravlKllo,    InK- 

DImi,      I'oiiipiinlii      Niitluiiul      Mexl- 

caiiii.    ill'    l)liiiimlto  y    lOxploslvo.s. 
Kl     Oru     (KHtiulo    cle     MexU-u). — litrrera, 

Uonlto,    c|o    Hotel   ile   Jiircllii. 
Ciuadiilujura. — Jack»on,     ChaH.,     Apiirtndo 

\o.    L'T. 
Torrt^ii    (C'oahiiila). — Haas,    Herbert,    (.•  o 

<'lii    Met.    do   Torreon    S.    A. 
^  IIIii   Corrouo. — I'arnaghan,    E.    D. 


NORWAY. 

Vadciiu    (8og:n). — Moltkchansen,   I.    J. 


I'EKU. 

Cerro  de  Pasco. — Taylor,    J.    F.,   Cerro   de 
Pasco    Mining    Co. 


SCOTLAND. 

KdiiibiirK>i. — Irvlin',     H.     A.,     '.I     Kountull- 

hall     l<oa<l 
UluBgow. — Murphy,     E.    J.,     18    Cambrldg* 

St. 

MWEUKN. 

Alb}'. —  I'dfrsson,    Dr.    Albert. 
.MaiiHbo   (Avi'dta). — CarlMon,   Blrger. 
Stockboliii. — KJellln,     F.     A.,     Stureccttan 

&C. 
VesteraK. — Edstrom,    J.    Slgfrld. 
Weutervlk.— Tlllberg,   E.    W. 


Kharkov. — Piltschikoff.      Prof.      Is'icholas, 
Technological    Inst. 


SWITZKKLANO. 

Basel. — C.runer,    H.    E.,    9    Nauenstrasse. 
Geneve. — 

Bonna,  Dr.  Aug.  E.,  Ave.  de  Floris- 
sant   0. 

Gandillon,  A.,  Case  6219,  Bourg  de 
Four. 

Guye,  Prof.  P.  A.,  3  Chemie  des  Cot- 
tages,    florlssant. 

Lacroix,   Henry,  Usine  de  Degrosslssag* 
d'or. 
Tursi. — Landolt,   Dr.   Hans. 
Zuricli. — 

Loronz.  Prof.  Dr.  R.,  Laboratorium  fur 
physikal  Chemie  und  Elektro- 
chemie    Polytechnlkum. 

A'oge.  Adolph,  Concilium  Bibliographl- 
cum,    Eidmattstrasse    38. 


A  Paptr  read  at  the  Tenth  General  Meet- 
ing of  the  American  Electrochemical 
Society,  held  in  New  York.  N.  Y., 
October  8,  1906,  President  Hcring  in 
the  chair.  • 


FORMULA  FOR  THE  HELMHOLTZ  CONCENTRATION  CELL. 

By  Henry  S.  Carhart,  Lr,.I). 

In  Illy  paper  on  "A  Thermo-electric  Theory  of  Concentration 
Cells"S  I  maintained  the  theorem  that  "concentration  cells  are 
devices  for  converting  heat  from  their  surroundings  into  electrical 
energy."  The  well-known  equation  of  Helmholtz  for  the  electro- 
motive force  of  any  voltaic  cell  is 

Q  dT 

in  which  H  is  the  heat  equivalent  of  the  chemical  reactions  in 
the  cell.  The  second  term  of  this  expression  is  depen- 
dent on  the  temperature  coefficient  of  the  cell  dE/dT,  and  this 
coefficient  is  now  admitted  to  be  due  to  the  thermo- 
electromotive  force  at  the  several  junctions  of  dissimilar  sub- 
stances in  the  cell.  Whenever,  therefore,  the  conditions  are  such 
that  the  heat  of  reaction  and  of  dilution  is  negligible,  the  first 

dE 
term  becomes  zero  and  onlv  the  second,  T        ,  remains.     Such  are 

dT 
very  approximately  the  conditions  in  a  simple  Helmholtz  con- 
centration cell,  in  which  two  electrodes  of  the  same  metal  are 
immersed  in  solutions  of  a  salt  of  that  metal,  the  concentration 
of  the  solution  being  different  at  the  two  electrodes.  The  E. 
M.  F.  of  such  a  cell  is  thermo-electric  in  origin  and  should  be 
represented  by  the  second  term  of  the  Helmholtz  equation. 

The  same  conclusion  may  be  reached  in  another  way.  In  my 
paper,  above  referred  to.  may  be  found  a  curve  (Fig.  4,  page 
126)  expressing  the  relation  between  thermo-electromotive  forces 
per  degree  C.  and  the  corresponding  concentrations  for  Zn  — 

'  Trans.  Amer.  Electrochemical  Soc,  Vol.  II.  p.  123. 
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ZnS04.  From  this  curve  the  following  equation  may  be  derived 
in  terms  of  the  absolute  temperature  and  the  concentration : 

dE  =    a     .  •  T  -^    . 
C 

Whence  by  integration    E     =     a     .     T     log  C. 

T  is  the  absolute  temperature,  a  is  a  constant  and  C  is  the  con- 
centration. E  is  here  the  potential  difference  at  a  single  electrode 
For  two  electrodes  immersed  in  solutions  differing  in  concentra- 
tion, the  E.  M.  F.  is  the  difference  between  two  such  expressions, 
or 

E   =   a  .  Tlog  C2    —   a  .  T  log  Ci. 
This  reduces  immediately  to 

E     =     a     .     T  log  ^  . 

This  equation  will  be  recognized  as  the  simplest  form  of  the 
Nernst  expression  for  the  E.  M.  F.  of  such  a  cell.  Nernst 
derived  it  from  the  theory  of  osmotic  pressure. 

The  derivative  of  E  with  respect  to  T,  found  by  differentiating 
the  above  equation,  is 

dE  ,        C, 
=     a     .     log — ^    . 

dT  Ci 

Solve  for  the  constant  a,  substitute  its  value  in  the  equation 
for  E,  and  we  get 

E    =    T^, 
dT 

the  second  term  of  the  Helmholtz  equation. 

We  have  thus  the  connection  between  the  Helmholtz  and  the 
Nernst  equations,  and  at  the  same  time  it  appears  that  the  latter 
may  be  derived  entirely  from  thermo-electric  data.  Also,  both 
equations  lead  to  the  same  conclusion,  namely,  that  the  E.  M.  F. 
of  a  simple  Helmholtz  concentration  cell  is  numerically  equal  to 

the  expression,  T . 

dT 

A  concentration  cell  with  pure  silver  electrodes  and  solutions 
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of  silver  nitrate,  whose  concentration  ratio  was  5.2(),  j;ave  an  iC. 
M.  K.  at  30°  C\  of  0.0452.  Tlic  mean  of  two  determinations  of 
the  temperature  coefficient,  cUv  ('.'I',   was  0.000144.      Whence  B, 

dE 

calculated  hv  the  cxi^ression  T       ^     ,  is 

dT 

H  =  0.000144  X  303  =  0.0436. 

A  similar  conccntrati(jn  cell  with  cadmium  amalgam  and  one- 
tenth  and  one-hundredth  normial  cadmium  sulphate  solutions  had 
an  E.  M.  F.  at  22.35°  C.  of  0.034  volt.  The  mean  temperature 
coefficient  was  0.0001085.     Whence 

E  =  295.35  X  0.0001085  =  0.032. 

In  both  cases  the  calculated  values  are  quantities  of  the  same 
order  as  the  observed  values. 


DISCUSSION. 

Presh^K-n  r  Hkki.m;  :  There  is  a  point  that  appeals  to  me  in  the 
paper,  namely,  the  portion  in  italics  in  the  very  beginning.  The 
author  says,  "I  maintain  the  theorem  that  the  concentration  cells 
are  devices  for  converting  heat  from  their  surroundings  into 
electrical  energy."  Now,  if  that  statement  were  true,  it  seems  to 
me  it  contradicts  the  second  law  of  thermodynamics,  because  it 
would  be  a  means  for  converting  the  low^  grade  heat  of  the  sur- 
roundings into  the  high  order  of  energy  of  an  electric  current. 

Dr.  Bancroft  :  May  I  call  attention  to  the  other  alternative, 
and  that  is  that  those  cells  will  not  go  on  indefinitely  and  that  con- 
sequently there  is  not  any  contradiction  so  far  as  I  can  see.  You 
start  with  a  cell  wdiich  contains  two  dififerent  concentrations.  The 
cell  keeps  going  until  it  is  run  down  and  then  the  whole  thing 
comes  to  an  end  ;  personally  that  does  not  strike  me  as  being  in 
conflict  with  the  second  law  of  dynamics. 

President  Hering:  Ought  not  this  statement  in  the  paper  be 
modified,  in  that  case?     The  statement  gives  the  impression  that 
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those  cells  convert  the  heat  of  the  surrounding  air  into  electrical 
energy.  Now,  if  something  else  takes  place  also,  it  ought  to  be 
included  in  that  statement. 

Dr.  Bancroft  :  I  assume  that  Mr.  Carhart  intends  all  the 
other  things  to  be  covered  by  the  explicit  reference  to  concentra- 
tion cells. 

Personally  I  have  another  comment  to  make  on  the  paper,  and 
that  is  that  this  connection  between  the  Helmholtz  and  the  Nernst 
equation  was  pointed  out  in  1899. 


A  puper  read  nt  the  Ttntlx  General  Meet 
ing  of  the  American  lileclrochemical 
Society,  held  in  New  Vork,  N.  Y., 
October  S.  Ty«6,  Mr.  C.  H.  Acker  in 
the    chair. 


VISIBLE   MIGRATION  OF  PARTICLES    BETWEEN   ELECTRODES. 

By  Carl  Hkrino. 

In  ihc  electrolytic  deposition  of  iron,  it  lias  been  stated  that 
the  (.leposited  iron  sometimes  contains  carbon  from  the  cast  iron 
or  steel  anode.  As  the  solution  used  does  not  chemically  dis- 
solve carbon,  it  follows  that  the  carbon  could  not  have  passed  from 
the  anode  to  the  cathode  by  the  process  of  electrolysis.  An 
explanation  of  its  transfer  is,  therefore,  due. 

In  another  instance,  it  was  reported  by  our  i)ast  president,  Dr. 
Bancroft,  that  in  the  electrolytic  deposition  of  alloys,  he  found 
the  deposit  on  the  cathode  contained  some  oxide.  But  one  of 
the  useful  laws  of  electrolysis,  though  perhaps  one  which  is  not 
as  generally  known  and  accepted  as  it  should  be, — is  that  in 
electrolysis  the  chemical  process  at  the  cathode  is  always  a  reduc- 
tion, and  at  the  anode  is  always  an  oxidation  (or  better  a  perduc- 
tion  as  suggested  by  Prof.  Richards).  If  this  very  useful  law  is 
correct,  it  would  be  an  electrochemical  impossibility  for  an  oxide 
of  the  deposited  metal  to  be  formed  electrolytically  at  the  cathode 
from  the  metal  of  the  anode.  Hence  an  explanation  of  its  appear- 
ance at  the  cathode  is  desired. 

In  still  another  instance,  it  has  been  reported  that  sometimes 
the  deposit  of  silver  in  a  silver  voltameter  exceeded  that  required 
by  Faraday's  law.  Assuming  that  it  was  not  due  to  some  error, 
an  explanation  is  called  for. 

Still  another  instance  might  be  cited  here,  namely  that  when 
a  bath  is  turbid  with  suspended  particles,  the  deposits  on  the 
cathode  are  said  to  become  rough,  due  to  the  foreign  particles 
becoming  enmeshed  by  the  molecules  of  the  metal  which  is  being 
deposited.  But  it  is  difficult  to  conceive  how  such  particles,  which 
are  not  ions,  could  approach  to  within  a  molecular  distance  of 
the  cathode,  and  if  they  do  not,  how  could  the  molecular  deposits 
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ever  surround  these  enormously  larger  ])articles.  When  muddy 
water  freezes  slowly,  the  resulting  ice  is  clear. 

The  above  cases  are  cited  here  as  an  indication  that  particles 
which  are  mechanically  suspended  in  an  electrolyte,  and,  there- 
fore, not  subject  to  electrolytic  action,  may  perhaps  be  subject 
to  some  other  electrical  action,  and  if  so  it  might  explain  the 
results  obtained. 

During  the  past  winter.  Dr.  Edwin  F.  Northrop  and  the  writer 
made  some  microscopic  researches  in  connection  with  the  very 
interesting,  curious,  and  still  unexplained  Brownian  movements, 
those  persistent  and  untiring  movements  of  minute,  lifeless  bodies 
which  are  perhaps  still  the  closest  approach  to  an  apparent  per- 
petual motion  yet  observed.  These  small  but  molar  particles 
(which  for  convenience  of  reference  we  nicknamed  "brownies") 
were  subjected  by  us  to  the  influence  of  an  electric  current  in 
the  surrounding  liquid,  or  to  charged  electrodes  in  insulating 
liquids  and  we  then  noticed  that  they  wandered  across  the  field 
from  one  electrode  to  the  other.  Their  motion  was  very  decided ; 
it  was  along  the  lines  joining  the  electrodes,  that  is,  from  one 
electrode  to  the  other,  showing  that  they  were  attracted  by  one 
or  the  other  electrode.  Their  direction  of  motion  depended  upon 
circumstances ;  most  of  them  traveled  7i'ith  the  current,  while  some 
traveled  in  the  opposite  direction,  namely  toward  the  anode ; 
but  each  particle  had  its  characteristic  direction  of  motion, 
relatively  to  the  current,  which  is  never  changed,  at  least  so  far 
as  our  experiments  stiowed :  in  some  mixtures  of  particles  of 
two  different  materials,  those  of  the  one  kind  traveled  with  the 
current  and  those  of  the  other,  again.'^t  it :  when  the  current  was 
stopped  or  reversed,  their  direction  of  motion  was  stopped  or 
reversed  with  great  promptness,  like  an  aperiodic  galvanometer ; 
thev  acted  as  though  they  had  no  inertia,  that  is.  as  though  the 
moving  forces  were  immensely  greater  than  those  (\i:e  to  their 
inertia.  They  obeyed  the  current  as  promptly  as  a  body  of 
well  trained  soldiers  obey  their  officer.  Their  speed  increased  with 
the  current  or  the  difference  of  potential  between  the  electrodes, 
and  seemed  to  be  approximately  constant  for  constant  electrical 
conditions;  it  was  under  certain  conditions  so  great  that  the  par- 
ticles raced  across  the  field  in  a  few  seconds :  the  smaller  particles, 
as  a  rule,  traveled  faster  that  the  larger  ones.     Tn  some  cases  an 
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extremely  small  ciinciii  or  ilirtcrcnce  of  ixjtential  surticcs  to  move 
iluin.  'I'liesf  iiiotiuii.s  were  so  i)ositively  related  to  the  electrical 
coiulilious  that  it  siij^nesled  the  idea  to  Ur.  Northrop  oi  makinj,'  it 
the  hasis  ot  a  sensitive  electrical  measuring  iiistruiiRiit  lOr  special 
purposes.  A  jjeculiarity  of  these  particles  while  thus  in  motion, 
was  that  they  re|)elle(l  each  other  <liiring  their  migrations;  they 
rarely  if  ever  quite  touched  each  other;  vvheti  two  particles 
traveling  in  opposite  directions  approached  each  other,  they  devi- 
ated their  paths  as  they  passed  each  other,  like  two  wagons 
meeting-  on  a  narrow  road.  They  acted  as  though  each  were 
surrounded  hy  an  invisible  sphere  of  some  repellant  force  like 
a  very  elastic  jelly.  When  electrodes  were  used  in  non-elec- 
trolytes, the  particles  traveled  up  to  their  respective  electrodes, 
and  crowded  together  around  them,  like  floes  of  ice  in  a  running 
river,  but  aparently  not  iptite  touching  them.  The  motion  took 
place  in  electrolytes  as  well  as  in  insulating  liquids;  it  is  not 
limited  to  solid  particles  but  takes  place  also  with  liquid  particles 
suspended  in  a  non-miscible  li(|uid,  like  the  little  spheres  of  liquid 
fat  in  milk;  milk,  under  certain  conditions,  even  shows  the 
rather  rare  phenomenon  of  two  kinds  of  particles  traveling  in 
opposite  directions  in  the  same  liquid.  Almost  all  the  particles 
which  we  exammed  traveled  in  the  same  direction  as  the  current, 
namely,  from  the  anode  to  cathode. 

The  above  observations  are  given  here  briefly  as  a  visual  demon- 
stration of  the  fact  that  insoluble  molar  particles,  suspended  in 
a  liquid,  w'ill  have  a  very  definite  and  decided  motion  from  one 
electrode  to  the  other,  quite  similar  in  some  respects  to  the 
migrations  of  the  ions  of  an  electrolyte ;  and  that  these  motions 
are  purely  molar,  as  distinguished  from  the  atomic  motions  due 
to  the  chemical  interchange  of  atoms  assumed  in  the  usual 
explanation  of  the  phenomenon  of  electrolytic  migration.  It  has 
been  known  that  some  colloids  travel  bo<lily  when  a  current  is 
passed  through  them,  and  as  many  of  the  colloids  show  Brown- 
ian  movements,  the  phenomenon  above  described  may  be  of  the 
same  nature,  and,  if  so,  it  is  not  new,  but,  perhaps,  the  visual 
demonstration  in  the  microscope  is  new,  or  at  least  of  interest. 

This  phenomenon  of  the  non-electrolytic  bodily  transfer  of 
molar  particles  by  the  current,  is  offered  here  by  the  author  as 
a  possible  explanation  of  the  observation  of  certain  facts  in  elec- 
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trolysis  like  those  stated  at  the  beginning  of  this  paper.  For 
instance,  the  particles  of  carbon  noticed  in  electrolytic  iron  may 
have  been  carried  over  from  the  anode  by  this  molar  migration. 
The  metallic  oxide  found  on  the  cathode  may  thus  have  been 
carried  over  bodily  from  the  anode  as  an  insoluble  particle  of 
oxide.  The  excess  of  weight  in  the  silver  voltameter  may  have 
been  due  to  such  molar  particles  migrating  over  from  the  anode. 
The  effect  of  the  turbidity  of  solutions  on  the  nature  of  the 
cathodic  deposit,  may  be  due  to  the  fact  that  these  molar  parti- 
cles were  thus  moved  by  the  current,  generally  toward  the  cathode. 
The  particles  appear  to  have  some  electrical  property  like  a 
charge,  and  hence  may  have  a  tendency  to  take  some  part  in  the 
electrolytic  phenomenon  of  the  deposition  of  the  ions  on  the 
cathode  by  which  they  are  surrounded  and  enclosed,  thereby 
becoming  apparently  a  part  of  the  deposite.  For  the  avoidance 
of  this  molar  transfer  of  matter,  a  porous  partition  naturally 
suggests  itself,  but  its  pores  must  be  smaller  than  these  extremely 
small  particles,  (about  one  micron). 

As  an  explanation  of  the  cause  of  this  migration,  it  was  sug- 
gested that  the  phenomenon  might  be  the  same  as  the  well 
known  movement  of  a  globvile  of  mercury  in  sulphuric  acid 
between  two  electrodes,  in  which  the  motion  has  been  explained 
to  be  due  to  the  differences  of  surface  tensions  produced  by  the 
current  on  the  two  sides  of  the  globule.  We,  therefore,  made 
an  experiment  in  which  the  mercury  was  replaced  by  a  solid 
conducting  body  floated  between  two  liquids  of  different  densi- 
ties; but  although  it  was  much  lighter  than  the  globule  of  mer- 
cury, it  showed  no  signs  of  any  movement,  while  the  mercury 
moved  very  decidedly.  In  another  experiment  this  solid  con- 
ducting body  was  replaced  by  a  globule  of  an  insulating  liquid, 
but  again  there  was  no  motion,  although  this  globule  was  mucli 
smaller  and  lighter  than  the  mercury.  Moreover,  in  some  of 
our  microscopic  experiments,  the  particles  moved  when  placed  in 
insulating  liquids.  In  view  of  all  these  facts  it  seems  that  this 
phenomenon  of  the  moving  particles  is  not  the  same  as  that  of 
the  globule  of  mercury,  and  that  a  different  explanation  must, 
therefore,  be  looked  for. 
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DISCUSSION. 

Ur.  W  .  D.  r..\N(.Kui-T  :  It  sccius  to  iiic  that  what  Mr.  Uciing  has 
watched  in  the  microscope  is  the  reverse  of  electrical  eiulosniose. 
If  you  have  a  porous  diaphragm  wliich  is  fixed,  then  the  solution 
flows  through  it  when  under  electrical  stress.  If  the  diaphragm 
is  disintegrated,  it  flows  through  the  liquid  in  the  reverse  direc- 
tion. The  general  theory  was  pretty  fairly  well  covered  by 
Quincke.  If  these  particles  are  all  charged,  positively  or  all  neg- 
atively, they  would  not  coalesce.  They  would  travel  through  the 
solution  exactly  as  Mr.  Hering  describes. 

I  am  not  quite  in  sympathy  with  the  reasons  for  which  the 
investigation  was  begun.  While  all  things  are  possible,  and  there- 
fore metallic  oxide  may  be  carried  from  the  anode  to  the  cathode, 
it  doubtless  is  not  the  explanation  of  the  appearance  of  oxide  on 
the  cathode  w-hen  you  work  under  unsuitable  conditions.  In  one 
particular  case,  in  a  copper  sulphate  solution,  the  oxide  comes 
from  the  decomposition  of  cuprous  sulphate  by  water.  I  don't 
see  why  oxides  should  not  be  formed  in  a  manner  similar  to  the 
formation  of  caustic  soda  at  the  cathode.  In  some  solutions  it  is 
very  dillficult  to  prevent  the  formation  of  oxides ;  but  the  theory 
of  the  phenomenon  is  simple. 

Mr.  Carl  Hering  :  Endosmose  w-as  of  course  considered  by  us 
as  a  possible  explanation,  but  it  does  not  explain  why  some 
particles  move  in  one  direction  and  some  in  the  other,  when  the 
glass  plates  are  considered  the  diaphragm,  and  the  moving  liquid 
is  assumed  to  carry  the  brownies  bodily  with  it.  If  the  motion  of 
those  particles  was  due  to  endosmose  between  the  glass  plates  they 
would  all  move  in  one  direction,  namely  the  direction  in  which  the 
liquid  moved.  Among  other  experiments  we  made  the  following 
observation :  We  put  an  insulating  liquid  between  two  thin,  gold- 
leaf  electrodes,  added  some  brownies  and  covered  it  with  a  cover 
glass.  We  then  applied  the  poles  of  a  battery  to  the  electrodes 
and  found  that  some  of  the  brownies  traveled  one  way,  and  some 
the  other,  although,  of  course,  there  was  no  current  flowing.  After 
a  while  the  field  became  nearly  clear  and  we  then  moved  the  slide 
so  as  to  show  one  of  the  electrodes,  when  we  found  all  the 
particles  of  one  kind  clustered  around  that  electrode ;  the  others 
were  clustered  around  the  other.     W^hen  we  reversed  the  current 
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while  watching  this  electrode,  they  all  bodily  moved  off  from  the 
electrode  in  a  bunch,  just  like  floes  of  ice  in  a  river  when  the  cur- 
rent is  suddenly  changed  so  as  to  flow  from  the  shore.  They 
did  not  start  off  one  after  the  other,  but  they  all  started  together 
like  a  lot  of  soldiers.  They  kept  together,  and  moved  at  about  the 
same  velocity. 

The  reason  for  making  these  investigations  was  not  to  explain 
the  phenomena  mentioned  in  the  beginning  of  the  paper,  as  Prof. 
Bancroft  has  assumed.  They  were  made  to  study  the  Brownian 
movements,  and  it  was  only  incidentally  that  I  thought  some  of 
those  observations  might  explain  some  electrical  effects  which 
have,  in  my  opinion,  not  yet  been  explained. 

Prof.  Bancroft  does  not  explain  the  appearance  of  carbon  in 
iron.  Of  course,  an  oxide  may  be  formed  on  the  cathode  by  some 
local  action,  and  that  may  be,  and  undoubtedly  is,  the  explana- 
tion in  some  cases ;  but  after  observing  those  movements  I  feel 
quite  sure  that  particles  of  oxide  may  be  transferred  by  the  cur- 
rent to  the  cathode  in  accordance  with  the  observations  we  made, 
and  in  accordance  with  the  laws  which  govern  those  movements. 

Dr.  Bancroft  :  It  seems  as  though  -Mr.  Hering  and  I  had  dif- 
ferent views  in  regard  to  the  fact  concerning  electrical  endosmose. 
My  understanding  of  the  matter  is  that  if  you  take  one  kind  of  a 
diaphragm  you  get  the  liquid  passing  through  the  diaphragm  in 
one  direction ;  if  you  take  a  diaphragm  of  another  kind  you  get 
the  liquid  passing  in  the  opposite  direction.  If  you  take  these  two 
kinds  of  diaphragms,  and  grind  them  up,  one  set  of  particles 
will  move  one  way  and  the  other  set  the  other  way.  Mr.  Hering's 
experiment  shows  that  when  you  have  two  different  kinds  of 
particles  they  may  in  certain  cases  move  in  different  directions, 
precisely  in  accordance  with  the  facts  which  are  on  record. 

^Ir.  C.  E.  Acker  :  Last  week  a  patent  was  issued  which  may 
be  of  interest  in  this  discussion. 

]\Ir.  Hering  :  T  intended  to  mention  that  interesting  patent 
myself,  and  in  fact  I  have  brought  a  copy  of  it  with  me.  In  this 
process  the  inventor  makes  use  of  the  very  thing  which  we 
observed.  He  makes  use  of  it  in  this  way :  he  wants  to  get  a 
smooth  electrolytic  deposit.  He  says  a  rough  deposit  is  caused  by 
the  fact  that  a  little  crystal  starts  on  the  cathode,  and  as  the  cur- 
rent density  then  becomes  very  great  around  the  crystal,  it  grows 


\IS1111.1-;    MU.KAllDN    Ul"    I'AUTICl.lCS.  4I 

very  rapidly.  We  know  that  that  is  the  case.  He  therefore  adds 
to  his  sohitioii  a  lot  of  those  particles,  hut  oidy  of  the  kind  that 
travel  toward  the  cathode.  Then,  he  says,  if  a  crystal  should 
start  to  form  on  the  cathode,  the  current  density  will  hecome 
higher  there,  and  those  particles  will  therefore  cluster  around  it 
in  j^reat  numhers,  lorniiii}^  a  diaphrap^m  and  introducing  resist- 
ance in  the  circuit  at  that  point  which  then  causes  less  current 
to  go  through  there  and  more  current  to  go  to  the  rest  of  the  plate. 

It  appealed  me  as  being  a  very  ingenious  application  of  this 
principle  of  the  moving  particles.  In  this  patent  he  also  speaks  of 
the  fact  that  some  of  the  particles  move  to  the  anode  and  some  to 
the  cathode. 

Dr.  C  J.  TiiATcmcR:  I  think  possibly  some  light  might  be 
thrown  on  the  subject  by  a  study  of  the  effect  of  porous 
diaphragms  on  the  particles. 

Mr.  E.  a.  SpERRY  :  I  would  like  to  ask  wherein  those  particles 
differ  from  the  particles  that  interfere  with  the  smooth  deposit  on 
the  cathode  in  the  case  of  lead.  If  there  is  a  particle  in  the  elec- 
trolyte and  that  particle  finally  rests  on  the  cathode,  it  usually 
forms  the  basis  of  a  wart  or  excrescence.  I  noticed  in  the  Betts 
cathodes,  recently  examined,  the  little  warts  or  excrescences, 
the  things  that  prevent  that  cathode  from  being  a  plane  surface, 
have  for  their  basis  a  minute  particle,  often  a  very  fine  point  and 
then  enlarges  so  that  they  can  be  easily  broken  off,  revealing  a 
little  minute  particle  in  there  which  seems  to  be  the  basis  of  the 
formation. 

If  a  particle  in  one  case  makes  a  cathode  a  plane  surface  and  in 
another  case  prevents  it  from  being  a  plain  surface,  what  is  the 
difference  in  the  particle  ?  What  is  the  point  in  the  German 
patent?  Does  he  confine  himself  to  a  certain  kind  of  cathode, 
electrolyte,  etc.  ? 

Mr.  Hering:  The  point  Mr.  Sperry  makes  is  well  taken. 
This  patentee  uses  seed  mucilage,  albumen  and  materials  of  that 
sort  which  are  not  likely  to  adhere  to  or  to  become  enmeshed  by 
the  particles  on  the  cathode.  The  particles  I  had  reference  to 
were  more  like  solid  particles,  such,  for  instance,  as  carbon.  A 
particle  of  carbon,  being  a  conductor,  might  well  attach  itself  to 
the  cathode  and  become  the  origin  of  one  of  those  growths.  I 
have  always  held  the  opinion  that  those  growths  were  originated 
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in  just  such  a  way.  When  a  growth  is  once  started  it  naturally 
grows  very  rapidly.  Does  that  answer  your  question,  Mr. 
Sperry  ? 

j\Ir.  Sperry  :  Yes,  I  think  it  does ;  but  it  raises  another  one. 
What  is  the  difference  between  that  and  the  gelatine  Betts  has 
used  for  some  time? 

.  Dr.  Bancroft:  The  difference  is  just  this.  Mr.  Betts  uses 
gelatine  because  he  finds  it  is  effective.  In  this  patent  they  select 
things  that  move  to  the  cathode  and  which  are  therefore  effective. 
The  question  is  why  does  the  addition  of  gelatine  or  glue  or 
things  of  that  sort  produce  satisfactory  results  ?  On  working  this 
out  it  was  shown  in  the  case  of  copper  sulphate  that  gelatine  gives 
a  bright  deposit  in  some  cases  and  not  in  others.  It  was  next 
found  that  when  gelatine  gave  a  bright  deposit  it  moved  to  the 
cathode,  while  in  the  other  solutions  it  moved  to  the  anode.  In 
other  words,  the  essential  difference  between  the  behavior  of  the 
gelatine  and  of  the  rough  particles  is  that  the  gelatine  prevents 
the  crystallization  of  the  metals  and  causes  them  to  come  down 
in  a  much  finer  form,  and  therefore  does  not  give  any  point 
from  which  a  tree  can  start. 

In  the  case  of  a  solid,  non-conducting  particle  you  have  a  lump 
on  the  surface  of  the  cathode  and  the  metal  gradually  grows 
around  it.  I  think  that  is  a  distinction  anyhow  between  the  two. 
This  patent  is  based  solely  on  the  use  of  gelatine  by  Betts  and 
others. 

Prof.  S.  A.  Tucker:  I  was  wondering  if  there  is  any  connec- 
tion between  this  and  a  recent  patent  for  bright  zinc  deposits  by 
the  use  of  certain  additions  of  organic  compounds  to  the  bath. 

Mr.  Hering  :  In  closing  this  discussion,  I  desire  to  say  that 
Prof.  Bancroft  and  I  misunderstood  each  other  in  the  early  part  of 
this  discussion.  In  discussing  the  question  of  whether  this 
phenomena  of  the  moving  particles  was  or  was  not  explained  by 
endosmose.  Dr.  Northrup  and  I  assumed  the  glass  slide  to  be  the 
diaphragm  and  the  film  of  liquid  to  be  that  in  one  of  its  pores,  the 
particles  being  carried  bodily  by  the  moving  liquid.  Prof.  Ban- 
croft, however,  as  I  now  understand  him,  assumes  the  moving 
particles  to  correspond  to  the  diaphragm ;  this  explains  our 
apparent  disagreement. 

Nevertheless  it  does  not  seem  to  me  that  his  explanation  is  cor- 
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rt-ct,  at  Ica.st  its  Cdrrtctncss  is  not  as  stlf-t\i(lein  and  obvious  as 
Ik'  assunu>.  <  'ik-  reason  is  that  wc  also  found  these  same 
phenomena  with  iiisulati)ii^  li(|uids  between  charged  electrodes; 
there  could,  therefore,  have  been  no  current  flowing  and  therefore 
no  such  endosmotic  action  as  that  due  to  flowing  currents. 
Another  reason  is  that  in  endosmosc  the  liquid  in  most  cases* 
flows  7\.'it/i  the  current,  and  tlierefore.  according  to  Prof.  Ban- 
croft's views,  the  floating  ])articles  should  in  most  cases  move 
against  the  current.  Wc  tried  a  large  number  of  different  par- 
ticles and,  with  but  few  exceptions,  they  all  moved  with  the  cur- 
rent, and  therefore  in  the  ojiposite  direction  to  that  which  they 
should  have  if  the  explanation  which  Prof.  Bancroft  assumes  to 
be  self-evident,  were  the  correct  one. 

When  electrolytes  are  used  instead  of  insulating  liquids,  the 
two  glass  plates  ought  to  act  as  a  diaphragm  with  a  single  pore, 
and  when  a  current  flows  it  ought  to  cause  the  liquid  to  flow,  and 
generally  in  the  same  direction  as  the  current ;  hence  the  sus- 
pended particles  would  be  carried  with  it  bodily.  If  in  that  case 
a  particle  moves  in  the  opposite  direction,  it  would  indicate  that 
it  moves  against  the  liquid  and  faster  than  the  liquid  does. 

It  seems  to  me  that  further  research  is  necessary  to  determine 
whether  the  true  explanation  of  the  phenomenon  is  endosmose  or 
not ;  but  whatever  the  explanation  may  be,  the  observed  facts 
stated  in  the  paper  remain  the  same ;  and  these  facts  would 
explain  the  irregularities  sometimes  noticed  on  cathodes,  as 
stated  in  the  paper. 


*  Whetham,  Theory  of  Solution,  p.  252. 
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SOME  SMALL  LABORATORY  APPLL\NCES  FOR  ELECTRIC 
FUSION  AND  OTHER  WORK 

By  S.  S.  Sadtler. 

The  writer  thought  of  submitting  a  few  notes  on  the  subject 
of  some  simple  laboratory  devices  for  doing  electric  fusion  work, 
believing  that  there  are  a  number  of  chemists  especially  who 
are  not  regularly  equipped  for  extensive  electrochemical  work, 
nor  would  they  contemplate  doing  so  unless  certain  experiments 
they  had  in  view    showed  encouraging  initial  results. 

The  writer  has  used  apparatus  ordinarily  found  in  a  chemical 
laboratory,  for  doing  quite  a  range  of  electrochemical  work,  and, 
in  a  number  of  cases,  when  he  had  exhausted  his  laboratory 
facilities,  larger  furnaces,  etc.,  were  installed  on  terra  firma. 

The  current  u.sed  for  different  experiments  to  be  referred  to 
was  from  the  city  lighting  service,  and  was  of  220  volts,  with 
three  wires,  the  wiring  being  so  arranged  that  it  was  prac- 
tically no  volts  current,  although  220  volts  could  be  obtained 
from  the  outside  wires  with  very  little  trouble.  A  very  simple 
bank  of  lamps  was  used  to  vary  the  current.  Six  stationary 
sockets  were  fixed  to  a  board  and  wired  in  multiple,  with  binding 
posts  at  one  end  for  connection  to  the  work.  The  current  could 
thus  be  carried  by  putting  in  more  lamps,  and  varying  the  capacity 
of  the  same  from  T-5  ampere  to  5  amperes,  the  T-5  ampere  being 
approximately  obtained  with  the  use  of  one  220-volt,  i6-candle- 
power  lamp,  while  the  5  amperes  w^ere  obtained  by  the  use  of 
six  no-volt,  32-candle-power  lamps,  which  gave  nearer  to  5^2 
amperes.  In  this  way  all  the  current  desired  Avas  quickly  obtain- 
able, and  without  danger  of  short  circuiting. 

For  carrying  out  a  quick  experiment  to  see  whether  a  metal 
is  deposited,  or  to  get  a  rough  idea  of  the  state  of  fluidity  of  a 
proposed  bath,  a  Chaddock  gas  burner  is  found  serviceable,  upon 
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the  top  of  which  a  small  Hessian  crucible,  or  one  of  iron  or 
nickel  can  be  rested,  in  which  the  molten  electrolyte  can  be  con- 
tained, and  the  anode,  a  rod  of  graphite  or  whatever  is  desired, 
can  be  dipped  into  it  from  a  clamp  which  makes  electrical  con- 
tact, and  for  a  cathode,  a  very  simple  and  effective  device  is  made 
as  follows :  A  wire  is  bent  into  a  spiral  at  one  end,  which  fits  in 
the  bottom  of  the  crucible  and  more  or  less  covered  by  the  sepa- 
rated metal,  and  the  surface  of  the  wire  contained  in  this  spiral 
is  made  proportional  to  the  desired  current  density.  The  stem 
of  the  spiral  comes  up  the  inside  of  the  crucible,  and  is  cemented 


to  it  by  a  plastic  mass,  which,  in  some  cases,  could  be  fire  clay  or 
carborundum  powder  and  silicate  of  soda,  which  works  satis- 
factorily for  many  fusions  of  a  neutral  or  acid  character. 

When  a  larger  experiment  is  to  be  performed,  a  Buffalo  dental 
furnace  with  a  large  gas  blast  lamp  or  gasoline  lamp  for  pur- 
poses of  heating,  is  found  very  satisfactory.  In  the  top  of  this 
the  crucible  can  be  inserted  of  proper  size,  with  the  same  spiral 
arrangement  for  cathode.  In  some  cases,  where  an  iron  cathode 
is  wanted  of  considerable  surface,  a  large  iron  crucible  or  body 
of  an  iron  still  of  about  a  quart  capacity  may  be  us<ed  in  the 
furnace. 


SMAi.i,  i,.\i!oi<Ai\»i<v  .\rri,iANc;i;s.  4'7- 

In  some  cxpcriiuciils  carricil  out  by  the  aulliur,  in  which  cer- 
tain gases  were  jiassed  over  a  solid  at  definite  temperatures,  a 
tube  turnace  was  employed,  which  was  very  effective  for  the  pur- 
pose. 

In  loukinj;-  up  the  proper  size  of  platinum  wire  for  electrical 
heatinj^-,  it  was  almost  impossible  to  decide  upon  the  size  and 
amount  of  wire  that  would  be  required,  and  it  was  not  until  a 
trial  was  made,  that  a  fair  idea  could  be  gotten.  The  writer 
thought,  therefore,  that  it  would  be  well  to  give  a  few  specifi- 
cations for  this  furnace,  that  would  enable  others  to  readily  make 
such  a  simple  device. 

The  tube  consisted  of  Royal  Berlin  porcelain,  of  about  ^-inch 
inside  diameter,  and  2  feet  long.  Around  this,  allowing  at  least 
8  inches  free  at  each  end,  was  wrapped  platinum  wire  of  No.  28 
gauge.  It  took  10  feet  of  wire  to  cover  the  body  of  the  tube, 
allowing  about  }i  to  3-16  inch  space  between  the  folds  of  the 
wire.  As  the  platinum  wire  was  wrapped  tight  and  clamped 
at  the  ends  with  heavy  copper  wire,  the  free  ends  of  which  were 
used  as  electrical  terminals,  it  was  not  found  necessary  to  put 
in  any  insulating  material  to  keep  the  wire  apart.  Asbestos  cord 
could  have  been  used  for  this  purpose. 

A  small  section  of  3-inch  galvanized  piping,  such  as  that  used 
for  rain  spouts,  was  used  for  the  outside  shell,  and  between  this 
and  the  tube,  a  mixture  of  magnesia  and  asbestos  was  packed, 
sheet  asbestos  being  put  on  the  ends  and  fastened  thereto  with 
silicate  of  soda  and  wired. 

A  variety  of  rheostats  could  be  used  for  varying  the  current. 
The  writer,  however,  used  one  of  small  disks  of  carbon,  the 
resistance  of  which  was  varied  by  means  of  a  screw.  Temper- 
atures varying  from  fxx)  or  700°  F.,  to  2000,  were  used  by  the 
writer,  and  undoubtedly  considerably  more  could  have  been 
obtained.    The  pyrometer  used,  however,  only  registered  to  2000. 

The  control  of  the  temperature  was  gotten  by  the  use  of  an 
ammeter  in  circuit,  and  a  pyrometer,  the  fire  end  of  which  was 
encased  in  a  small  porcelain  tube  that  ran  in  the  larger  one  and 
held  at  one  end  firmly  in  place  by  means  of  a  rubber  stopper.  The 
use  of  an  ammeter  is  quite  essential  to  the  successful  control  of  an 
experiment,  as  the  pyrometer,  especially  one  encased  in  a  porcelain 
tube,  does  not  register  a  change  in  temperature  quick  enough,  and 
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too  high  or  too  low  temperatures  would  be  the  result  where  more 
time  would  be  desirable. 

The  writer  hopes  that  these  notes  may  be  of  service  to  those 
who  may  want  to  undertake  some  experiments  on  a  small  scale. 

Philadelphia,  Pa. 
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COPPER  CATHODES  IN  NITRIC  ACID. 

By    J.    \V.    TlRRENTINE. 

It  is  known  that  nitric  acid  in  dilute  solutions  un:lergoes  reduc- 
tion, quantitatively,  at  the  cathode.  This  method  is  recommended 
for  the  quantitative  determination  of  nitrates.  This  reduction 
is  equivalent,  of  course,  to  an  action  by  nascent  hydrogen,  liberated 
at  the  cathode,  on  the  nitric  acid,  according  to  the  equation : 

8H,  +  2HNO3  =  2XH,  +  6H,0. 

Nitric  acid  in  acting  on  ct)pper.  on  the  other  hand,  is  reduced 
not  to  XH;;  but  to  nitric  oxide,  as  indicated  by  a  free  evolution 
of  brown  fumes.  In  other  words,  copper  reduces  HXO,  to  XO 
and  not  to  XH3.  It  reduces  nitrobenzene  to  aniline.  Why  does 
it  not  reduce  HNO.,  completely?  Why  does  the  reduction  stop 
at  nitrites  ? 

It  was  the  object  of  this  bit  of  work  to  answer  these  questions. 

Since  the  evolution  of  XO  might  be  due  to  the  too  rapid 
reaction  between  the  Cu  and  HXO.,  dilute  solutions  of  the  latter, 
10  %,  5  Yc  and  2/2  %  concentrated  HXO.  solutions.  (  locc 
cone.  HXO.,  to  90CC  HoO.  etc.)  were  used  consecutively  and 
pulverulent  copper  added.  In  each  case  nitric  oxide  was  evolved, 
showing  that  the  reduction,  if  any,  was  not  complete.  Tests 
were  also  made  in  each  case  for  XH.„  but  nothing  more  than 
traces  was  detected  (coloration  of  litmus).  That  the  reaction 
might  be  still  slower,  a  clean  copper  strip  was  placed  in  the 
ID  %  HXO,,  solution  and  left  there  for  tw-o  days ;  no  ammonia 
was  produced,  though  there  were  no  visible  red  fumes.  These 
experiments  were  then  varied  by  (i)  the  addition  of  KXOo  for 
nitrites.  (2)  by  the  addition  of  KXO.,  and  bubbling  of  H„  through 
the  solution  and  (3)  by  stirring.  The  results  were  negative. 
Again  they  were  varied  by  the  addition  of  HoSO^  to  the  solutions 
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containing  tiie  pulverulent  Cu  and  the  copper  strip  and  stirring, 
still  with  no  results. 

Attention  was  then  turned  to  the  electrochemical  side  of  the 
subject.  Accordingly,  a  5  %  solution  of  HNO.  was  electrolyzed 
between  copper  electrodes  at  a  current  density  of  8  amp/qdm.  - 
Gas  was  evolved  freely  at  the  cathode,  judging  by  the  smell,  it 
was  nitric  oxide.     Also,  XH..  was  formed  in  detectable  amounts. 

It  was  noticed  in  connection  with  this  experiment  that  gas 
was  evolved  freel}'  at  the  cathode  and  that  the  gas  was  probably 
XO ;  that  no  gas  was  evolved  at  the  cathode  when  a  platinum 
anode  was  used  from  the  beginning;  that  even  with  a  copper 
anode  no  gas  was  evolved  at  the  cathode  until  the  solution  of 
Cu(X''0..)o.  collecting  in  the  bottom  of  the  vessel  due  to  its 
greater  specific  gravity,  reached  the  bottom  of  the  cathode. 
Then,  at  that  point,  gas  was  evolved.  This  evolution  of  gas 
continued  after  the  electrolysis  was  stopped.  These  phenomena 
were  noticed  repeatedly.  To  determine  the  composition  of  the 
gas  given  off  at  the  cathode  the  following  experiment  was  made. 

In  a  gas  coulometer  were  placed  two  copper  strips  as  elec- 
trodes, connected  in  circuit  by  wires  thrust  through  the  stopper 
which  closed  the  coulometer.  The  lower  parts  of  the  electrodes 
were  coated  with  paraffine  to  prevent  short-circuiting.  The  coulo- 
meter was  then  filled  with  10  %  HX"0:,  solution  and  a  current  was 
passed  that  gave  a  density  of  about  8  amp/qdm.  As  soon  as  the 
concentration  of  the  CuCX^OoJ^  became  considerable,  gas  began 
to  be  evolved.  Portions  were  withdrawn  from  time  to  time  for 
analvsis  and  showed  the  following  composition  : 

XO  =  80  %  :  H,  =  3.  %  ;  Nitrogen   (by  diff.)   =  17  %. 

NO  was  determined  by  absorbing  the  gas  in  10%  FeSO^  solu- 
tion :  H,.,  by  palladium  absorption.  The  residue  was  taken  as 
nitrogen.     There  may  have  been  some  other  oxides  of  nitrogen. 

It  became  evident  from  the  foregoing  experiments  that  HNO3 
could  not  be  reduced  quantitatively  to  NH..  in  the  presence  of  Cu 
ions  and  that  the  reduction  stops  at  the  nitrite  stage.  This  was 
further  established  by  an  experiment  in  which  a  solution  of 
HX'Q.;.  composed  of  loocc  concentrated  HNO..  to  20occ  H..O,  was 
electrolvzed  between  double  platinum  anodes  and  a  small  (2  x  ; 
cm")   copper  cathode.     A  current  (y  amps)  was  passed  of  such 
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catho.K-  density  thai  lu,  o>,.|ht  was  .lissolvcl.  r„,Ic-r  these  con- 
clUions  no^as  was  en.lve.l  al  .1,.  catl„.<le  an.l  ,l,e  reduclion  to 
A  I  I ..  was  lai-v,  \\  I,,,,  lUc  cuiTeut  .lensitv.  huuever.  was  alloux'.l 
<-  'In.p  oU  so  lliat  sonu-  n.|.|HT  was  <lissc.lve(I.  KC)  was  <.ive..  .,ff 
a''f..Iantly  at  the  eatho.le  an.l  a  .^Teatly  incfeased  enrrcMU  density 
was  necessary  to  eHecl  complete  redneiinu  a-ain. 

Tpon    snch    evidence,    then,    it    was   .lecidol    that    the    presence 
ot  Ui  u.ns  ni  solnti.Mi  prevented  the  reduction  of  H\(),  to  NH 
and  caused  the  pro.lnction  <,f  nitrites  when  copper  was  dissolved 
in  llXO... 

_  Accordin-ly  efforts  were  made  to  find  .some  amo,,  which  would 
torni  an  msohible  conipo.ni.I  with  copper  cations  as  fast  as  the 
lattei-  were  throwti  into  sohition.  yet  which  would  not  inhibit  the 
solution,  h  the  C"u  ions  were  precipitated  as  fast  as  formed  there 
should  be  a  reduction  to  ammonia.  To  efTect  the  chemical  pre- 
cipitation ot  the  C'u  ions  the  followino-  substances  were  used  all 
g-iving,  however,  salts  soluble  in  TINO,  sc^lutions  : 

Boric  acid,   phosphoric  acid,   sodium   phosphate,  benzoic  acid 
and   potassium    sulphocyanate.      (The    latter    reduces    HNO.,    to 

An  attempt  which  was  successful,  was  then  made  to  pre- 
cipitate the  Cu  ions  electrolytically  as  fast  as  thev  were  thrown 
into  solution  by  the  chemical  reaction  between"  the  acid  and 
copper.  The  apparatus  and  operation  were  as  follows:— lo  % 
HXC),.  platinum  anode,  enclosed  in  parchment  to  prevent  the 
oxygen  there  liberated  from  diffusing  through  the  solution  and 
causing  convection  currents;  a  copper  or  platinum  cathode  en- 
closed in  a  porous  porcelain  cup.  containing  as  cathode  liquid  a 
solution  of  NaOH.  The  electrodes  were  placed  as  near  as  pos- 
sible to  the  bottom  of  the  cell.  A  copper  strip  was  suspended 
in  the  HNO,,  solution  and  protected  from  polarization  by  two 
paraffine  shields  (filter  papers  covered  with  paraffine).  The  strip 
being  suspended  in  the  upper  part  of  the  solution  and  the  elec- 
trodes in  the  bottom  of  the  cell,  there  was  less  tendency  for 
the  current  to  pass  through  and  polarize  the  copi^er.  Any'  such 
tendency,  however,  would  have  been  obviated  bv  the  paraffine 
shields.  The  copper  nitrate  formed  by  the  chemical  action  flowed 
to  the  bottom  of  the  vessel  under  the  influence  of  gravity.  A 
current  of  1.5  amp.  was  passed  through  the  solution^vhich  car- 


52  J.    \V.   TURREXTIXI;. 

ried  the  copper  ions  into  the  cathode  chamber  where  they  were 
precipitated  by  the  XaOH,  forming  a  coating  of  CihOH).  on  the 
inside  of  the  cup.  The  NH^  ions  were  also  carried  into  the  cup 
where  they  v.-ere  tested  for  by  warming  a  portion  of  the  solution 
and  smelling.  Good  qualitative  tests  were  obtained.  Thus  the 
concentration  of  copper  ions  was  kept  down  and  the  copper  then 
dissolved  with  but  a  slight  evolution  of  gas. 

That  no  nitrates  were  produced  at  anode  was  proven  by  elec- 
trolyzing  a  io%  solution  of  HXO,,  free  from  nitrites,  with 
copper  anode  and  platinum  cathode,  the  latter  enclosed  in  a 
porcelain  cup  containing  XaOH  solution,  as  above.  After  a  run 
of  one  half  hour  the  solution  was  tested  for  nitrites  with  KI.  the 
copper  first  being  removed  by  X'^aOH ;  no  nitrates  were  indicated. 
A  current  of  1.5  amp.  was  used.    Anode  surface  5  x  10  cm. 

An  experiment  was  performed  to  determine  the  amount  of  gas 
evolved  on  dissolving  a  known  amount  of  copper  in  nitric  acid 
where  no  attempt  was  made  to  reduce  the  nitrites  produced  or 
to  precipitate  the  ions  formed,  and  to  compare  this  weight  and 
volume  with  those  of  copper  dissolved  under  the  conditions  as 
obtained  in  the  first  experiment  above  described  where  the  Cu 
ions  are  precipitated  electrolytically.  Accordingly  a  copper  strip 
Xo.  I  of  known  weight  was  dissolved,  partially,  in  10%  HXOo 
and  the  evolved  gas  measured  in  a  gas  burette.  A  like  strip 
Xo.  2  of  known  weight  was  placed  in  a  portion  of  the  same 
solution  but  under  conditions  mentioned  above,  and  the  evolved 
gas  caught  and  measured  in  an  inverted  coulometer. 

Amt.  Cu  dissolved.  Gas  evolved.  Time. 

1  1.25  gms.  100  cc  -f-  2  hrs. 

2  0.30      ''  2.0  cc  —  3  hrs. 

If  Xo.  2  had  evolved  gas  at  the  same  rate  at  Xo.  i,  the  volume 
should  have  been  25  cc  instead  of  2.0  cc ;  or,  it  may  be  said,  2t,  cc 
of  XO  were  reduced  to  XH:.  by  the  hydrogen  evolved  by  03 
grams  Cu  dissolving.  0.3  :  1.2  :  :  X  :  100  :  X  =  25. 

This,  then,  establishes  the  fact  that  copper  on  dissolving  in 
HXO.j  in  the  absence  of  copper  ions  does  reduce  nitric  acid  to 
XH,, 

The  question  was  then  suggested : — what  accelerates  the  rate 
of  solution  of  the  copper  in  Xo.  i  over  that  of  Xo.  2?  Is  it 
the  presence  of  HXO,.  or  of  Cu  ions? 
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To  answer  this  an  additional  exijciimcnt  was  made.  A  copper 
strip  ot  known  weight  was  snspcndc-d  in  lO  %  solntion  of  IIN()., 
ci»inpo>ed  of  lo  cc  cone.  1IX().,  ami  <j()  cc  2  .M  Cn(X()..  i...  to 
which  about  2  grams  of  urea  had  been  added  to  decompose  any 
nitrites  formed.  No  !;as  was  evolved,  unless  stirred;  though 
small  bubbles  colk'clc-d  on  the  strip.  'J'lii.s  was  No.  3.  A  second 
strip,  No.  4,  was  suspended  in  a  solution  of  same  strength  as 
above,  containing  nitrites  (NaNO.).  These  two  compared  with 
No.  I  show  the  following: 

Copper  dissolved.  Cias  evolved.  Time. 

1  ?  6.0  cc  1   hr. 

2  0.0176   (gain)  None  i   hr. 

3  0.4  gms.  90.0  cc  I   hr. 

These  results  would  show  that  the  acceleration  is  due  to  the 
presence  of  nitrites. 

The  results  of  this  paper  may  be  summed  up : — ■ 

1.  When  copper  dissolves  in  nitric  acid  the  anode  reaction  is 
the  formation  of  copper  nitrate  and  not  of  nitrite. 

2.  When  copper  dissolves  in  nitric  acid,  the  cathodic  reaction 
is  the  reduction  of  the  nitric  acid.  The  chief  reaction  product  is 
NO  when  there  is  copper  as  ion  in  the  solution,  and  NH,  when 
there  is  practically  no  copper  as  ion  in  solution. 

3.  When  a  solution  of  copper  nitrate  and  nitric  acid  is  elec- 
trolyzed,  with  a  copper  cathode,  nitric  oxide  is  formed  at  the 
cathode. 

4.  When  a  solution  of  nitric  acid  is  electrolyzed,  with  a  copper 
cathode,  ammonia  is  formed  at  the  cathode. 

5.  The  apparent  discrepancy  between  the  chemical  and  elec- 
trochemical action  of  copper  on  nitric  acid  is  due  entirely  to  a 
dift'erence  in  the  conditions  under  which  the  two  sets  of  reactions 
have  been  performed. 

This  work  was  suggested  by  Professor  Bancroft  and  has  been 
carried  on  under  his  supervision. 

Cornell  University. 
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DISCUSSION. 

Dr.  C.  J.  Thatcher:  There  was  an  investigation  made  in 
Germany  two  or  three  years  ago  by  Miiller  on  the  effects  of  cop- 
per in  the  reduction  of  nitrates  to  nitrites  and  he  found  that  with  a 
copper  cathode  he  got  ahnost  ninety  per  cent,  reduction  to  nitrite, 
a  yield  which  he  could  not  get  unless  he  had  copper  in  the  solu- 
tion, or  rather  a  copper  cathode.  Is  it  not  possible  that  in  this 
case  there  are  always  two  reduction  processes?  That  nitrous 
acid  always  forms,  but  is  split  up  again  into  nitric  acid  except 
when  you  do  not  have  copper  present,  and  besides  you  have 
another  direct  reaction  in  which  you  get  a  reduction  to  ammonia. 
It  strikes  me  that  that  may  be  an  explanation. 

Dr.  Bancroft  :  I  think  there  is  no  question  but  what  that  is 
right.  In  the  case  where  you  have  nitric  oxide  formed,  the  reduc- 
tion goes  through  the  nitrous  acid  stage.  In  the  other  case  it 
presumably  does  not  go  through  the  nitrous  acid  stage.  If  you 
take  nitrobenzene,  which  has  the  formula  of  a  substituted  nitrous 
acid  but  which  is  stable,  you  find  that  it  is  reduced  by  copper  to 
aniline.  The  dift'erence  is  due  to  the  instability  of  nitrous  acid. 
In  the  experiments  referred  to  by  Mr.  Thatcher,  the  reduction  was 
carried  on  in  a  neutral  or  slightly  alkaline  solution. 
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AN  ALUMINUM  AND  MAGNESIUM  CELL, 
H.  T.  Barnes  and  C  H.  Cole. 

In  a  previous  paper^  before  this  Society,  by  Dr.  H.  M.  Tory 
and  one  of  the  authors,  some  electrode  effects  were  described, 
which  resuhetl  from  the  action  of  dissolved  gases  in  water  on 
metal  surfaces.  Thus  two  electrodes  of  the  same  metal  when 
immersed  in  gas-free  water  showed  zero  potential  relatively  to 
each  other,  but  when  one  of  the  electrodes  was  surrounded  by 
gas-charged  water  a  considerable  difference  of  potential  resulted. 
Where  the  gas  dissolved  in  water  was  oxygen  or  air,  the  elec- 
trode in  the  gas-charged  water  was  always  the  cathode.  In  the 
case  of  hydrogen,  the  electrode  was  sometimes  anode  and  some- 
times cathode,  depending  on  the  metal. 

In  general  the  results  previously  obtained  showed  that,  of  all 
the  gases  used,  oxygen  or  air  gave  the  most  pronounced  results ; 
that  electrodes  of  the  same  metal  could  always  be  brought  to 
zero  potential  by  expelling  the  dissolved  gases,  or  by  surrounding 
bv  gas-free  water ;  that  in  oxygen  the  most  easily  oxidized  metal, 
magnesium,  gave  the  smallest  result,  while  aluminum  which  does 
not  oxidize  easily  gave  the  largest  result ;  that  an  aluminum  elec- 
trode artificially  oxidized  gave  a  difference  of  potential  against  a 
clean  aluminum  electrode  of  only  one  half  that  observed  between 
two  clean  aluminum  electrodes,  and  that  the  metals  like  platinum 
and  palladium  were  the  most  difficult  to  bring  to  zero  potential 
after  being  treated  with  gas-charged  water.  The  effect  appeared 
then  to  resemble  more  of  an  occlusion  phenomenon  than  an  actual 
oxydation  of  the  metal  surface. 

After  obtaining  measurements  of  the  difference  of  potential 
between  gas-free  and  gas-charged  water  for  electrodes  of  a 
large  number  of  metals,  several  pairs  of  dissimilar  metals  were 
tried.      The    difference    of   potential    was    obtained    on    an    elec- 
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trometer  when  the  combination  was  immersed  in  gas-free  water, 
and  then  in  gas-charged  water.  From  the  previous  effects 
obtained  on  the  metals  separately  the  combined  effect  could  be 
calculated,  and  was  found  always  to  agree  with  the  observed 
value.  One  of  the  combinations  tried  was  of  so  much  interest 
that  it  has  formed  the  subject  of  a  further  study,  and  the  main 
results  obtained  are  described  here. 

The  E.  M.  F.  developed  by  the  cell  which  we  have  produced 
depends  on  the  fact  that  alvuninum  electrodes  give  the  largest 
eft"ect  in  oxygen-charged  water  of  any  of  the  metals  observed, 
and  magnesium  gives  the  least.  Hence,  when  a  magnesium  and 
an  aluminum  electrode  are  placed  in  oxygen-free  water  a  small 
difference  of  potential  is  developed  since  they  are  close  together 
in  the  potential  series ;  but  when  the  same  electrodes  are  placed  in 
water  containing  dissolved  oxygen  a  large  difference  of  poten- 
tial results.  As  an  example,  we  found  that  when  the  O-free 
water  was  charged  by  allowing  O  gas  to  bubble  through,  or  by 
adding  a  few  drops  of  hydrogen  peroxide,  the  potential  between 
Al  and  Mg  rose  from  0.2  to  somewhat  over  i  volt ;  in  both  cases 
the  Al  remained  the  cathode. 

To  compare  separate  results  with  this  we  found  that  the  poten- 
tial between  Al  electrodes  in  O-free  and  O-charged  water  was 
about  0.8  volt,  while  that  between  Mg  electrodes  was  only  0.02 
volt.  Hence  to  the  initial  dift'erence  between  Al  and  Mg  elec- 
trodes of  0.2  volt,  in  O-free  water,  must  be  added  the  increased 
negative  charge  developed  on  the  Al  surface  of  0.8  volt  in  the 
presence  of  dissolved  oxygen.  ^Magnesium  was  the  only  metal 
we  tried  above  the  aluminum  in  the  potential  series. 

The  other  metals  decompose  water  so  readily  that  they  are 
inconvenient  to  work  with.  Any  of  the  metals  we  tried  which 
were  below  aluminum  in  the  potential  series,  and  to  which  Al 
is  anode,  gave  results  depending  on  the  relative  positions  of  the 
metals. 

A  metal  like  lead  placed  with  aluminum  gives  in  O-free  water 
about  0.8  volt.  In  O-charged  water  this  is  entirely  removed  and 
the  two  electrodes  come  to  zero  potential,  since  the  Al  is  the 
anode  and  the  presence  of  the  dissolved  O  gives  to  it  a  negative 
charge  about  equal  in  amount.  In  a  similar  way  when  a  zinc 
electrode  is  used  with  aluminum  the  initial  potential  difference 
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ill  <  >-trcc  watiT.  Al  boinj:^  the  aiiodc,  is  reduced  {^J  zero,  and  then 
chaiij^es  sign,  in  order  then  that  tlie  ])resence  of  dissolved  air 
or  oxygen  may  increase  the  voUage  of  a  cell,  containing  Al  as 
one  electrode,  it  is  essential  to  select  a  metal  for  the  other  elec- 
trode higher  in  the  potential  series. 

We  decided  to  study  a  comhination  of  the  metals  Al  and  Mg 
for  the  reasons  just  set  forth,  and  consequently  experiments  were 
undertaken  to  see  how  far  the  cell  might  he  improved. 

One  of  the  most  interesting  features  of  the  cell  is  that  on 
shortcircuiting  the  electrodes,  the  voltage  and  current  steadily 
increase  to  maximum  values,  depending  somewhat  on  the  electro- 
lyte used  or  the  resistance  of  the  cell.  Thus  Al  and  Mg  in  an 
electrolyte  of  alum,  to  which  is  added  some  hydrogen  peroxide, 
gives  an  E.  M.  F.  of  from  1.2  to  1.4  volts.  After  the  cell  is  short- 
circuited  for  some  time,  five  or  ten  minutes,  this  increases  to  a 
value  from  1.6  to  somewhat  over  2.0  volts.  Continued  short- 
circuiting  apparently  depletes  the  supply  of  dissolved  O  in  the 
solution,  and  the  E.  M.  F.  falls  slowly  after  passing  through  the 
maximum  value.  Further  addition  of  O,  such  as  adding  more 
peroxide,  causes  a  rapid  increase  to  the  higher  value  to  be  fol- 
lowed by  a  slow  drop  when  a  current  is  drawn.  When  the  elec- 
trodes were  separated  by  a  porous  partition  the  addition  of  per- 
oxide to  the  electrolyte  surrounding  the  magnesium  had  no  efifect 
on  the  E.  J\I.  F.  The  whole  efifect  was  thus  centered  on  the 
aluminum. 

Several  electrolvtes  were  tried  to  secure  the  maximum  results, 
and  it  was  hoped  that  one  could  be  found  which  would  reduce  to  a 
minimum,  the  slow  wasting  away  of  the  magnesium  metal.  From 
a  large  number  of  trials  the  best  results  were  obtained  with  a 
solution  of  aluminum  sulphate  surrounding  both  electrodes.  A 
double  fluid  cell  was  prepared  with  magnesium  sulphate  around 
the  magnesium,  and  aluminum  sulphate  around  the  aluminum, 
but  the  presence  of  the  porous  pot  increased  the  resistance  of 
the  cell,  and  did  not  seem  to  add  anything  of  value  to  the  com- 
bination. It  was  found  necessary  always  to  withdraw  the  Mg 
electrode  from  the  electrolyte  when  the  cell  was  not  in  use.  The 
aluminum  salt  crystallized  around  the  Mg,  and  protected  it  from 
the  action  of  the  air,  thus  keeping  it  clean  and  bright  for  further 
use. 
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Cells  were  usually  made  from  sheet  aluminum  beut  around  so 
as  to  give  a  large  surface.  The  magnesium  was  used  either  in 
the  form  of  ribbon  coiled  around  a  light  wooden  or  ebonite  frame, 
or  in  the  form  of  rods  about  a  centimeter  in  diameter.  Cells  were 
made  also  in  containing  vessels  of  aluminum  about  the  size  of 
an  ordinary  drinking  glass,  two  or  three  rods  of  magnesium  sup- 
ported on  a  sliding  stand  serving  for  the  anode.  Such  a  cell  w^hen 
put  together  with  a  solution  of  aluminum  sulphate  of  maximum 
conductively  developed  an  E.  M.  F.  at  once  of  1.58  volts.  On 
adding  peroxide  of  hydrogen  the  value  rose  at  once  to  1.77  volts, 
and  after  short-circuiting  for  a  few  minutes  gave  a  value  of  2.2 
volts. 


1 
1 

/■"^ 

^ 

f 

./ 

1 

c.- 

t 

- — /■ 

.^~—^^   1    « 

|\ 

K 

\  II- 

/S. 

\ 

J 

\     f 

^J 

\ 

N 

K 

H 

f^ 

\i 

N 

\ 

J 

^J 

N 

'1                  '         ^ 

!                                Time  in  Minutes 

1 

■^..50 


FiG.l 

The  cell  was  tested  for  current  capacity  with  10  c.  c.  of  per- 
oxide added  to  450  c.  c.  of  electrolyte.  The  current  was  read  on 
a  I  to  10  range  ammeter  (Weston  millivoltmeter  with  shunts) 
to  which  the  cell  was  attached  direct.  From  0.4  ampere  the  cur- 
rent steadily  rose  to  0.52  ampere  in  half  an  hour.  On  adding  a  few 
drops  of  sulphuric  acid  to  the  cell  as  much  as  4  amperes  was 
obtained,  but  the  action  became  unpleasantly  violent  on  the  mag- 
nesium electrode. 

A  nine  hour  test  was  made  on  a  cell  in  order  to  obtain  the 
amount  of  magnesium  consumed.  Two  identical  cells  were  con- 
structed, one  to  be  used  for  the  current  test  and  the  other  to  be 
left  undisturbed  to  allow   for  the  natural  wasting  away  of  the 
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iiuii^iK-siuiii.  I«'i-(.ni  the-  uorkiii}^  (.ill  tlu'  (unrnt  was  kept  con- 
stanl  !)>  aiKliii};-.  from  time  to  time,  Irish  <|uaiUitie.s  of  peroxide. 
1  he  resuhs  of  the  test  are  shewn  in  ihe  aeeompanvin};-  fij^ure, 
where  the  eurve  for  volts  is  i)Iaee(l  over  that  for  amperes  on  the 
same  time  hase.  The  adcHtion  of  eaeh  <|uantity  of  peroxide  is 
shown  hy  the  series  of  ])eaks.  Tlie  averaj^e  ampere  efficiencv  was 
found  to  be  about  (>4%.  The  loss  in  efficiency  i]w  to  the  natural 
wastino-  of  the  ma.nncsinm  was  about  i.V/^. 

The  rise  of  E.  M.  \\  exhibited  by  tliis  cell  seems  to  be  con- 
nected with  the  removal  from  the  surface  of  the  aluminum  of  the 
exceedingly  thin  film  of  oxide,  or  hydroxide,  that  api)arcntly 
always  forms  on  a  surface  of  aluminum.  This  film  has  already 
been  the  subject  of  numerous  investi.c^ations.  Drawing  current 
from  the  cell  or  sending  a  current  through  the  cell  in  the  same 
direction  from  an  outside  source  reduces  the  film  and  hence  tlie 
resistance  of  the  cell,  but  in  addition  it  in  some  way  augments 
the  E.  M.  F.  by  removing  a  substance  wdiich  is  itself  electro- 
positive to  aluminum,  and  leaving  a  clean  untarnished  surface  to 
the  action  of  the  oxygen  in  solution.  If  a  current  is  sent  through 
the  cell  in  a  reverse  direction,  so  as  to  make  the  aluminum  the 
anode,  the  film  on  the  surface  at  once  forms,  and  increases  just 
as  in  the  case  of  the  well-known  aluminum  alternating  current 
rectifier. 

McGiU  University, 


DISCUSSION. 

Mr.  :\IoRRrs  LoEb  :  I  desire  to  ask  Prof.  Bancroft  whether  the 
magnesium  and  aluminum  were  chemicallv  pure ;  when  impure, 
both  of  them  are.  of  course.,  likely  to  react  with  water  and  form 
hydroxides.  While  it  is  possible  to  regard  both  of  these  as 
electro-positive,  it  must  be  remembered  that  there  is  a  definite 
tendency  toward  the  formation  of  a  spinel  between  these  two 
compounds,  whose  precipitation  would  compensate  for  the  com- 
paratively slight  solubility  of  the  hydroxides  in  the  first  place.  It 
might,  therefore,  be  possible  enough  that  there  are  two  super- 
posed reactions,  one  of  which  was  virtually  the  decomposition  of 
water,  resulting  in  a  hydrogen  and  oxygen  cell. 


6o  DISCUSSION. 

Dr.  ^^'.  D.  Baxcroft  :  There  is  nothing  said  in  the  manuscript 
as  to  the  purity  of  the  aluminum.  I  assume  that  it  was  sheet 
akmiinum  as  found  in  the  laboratory.  The  greatest  result  is 
obtained  when  the  electrode  is  oxidized. 

~\1r.  Loeb:  It  seems  to  me  that  the  high  voltage  cannot  be 
explained  satisfactorily  by  reason  of  the  difference  of  potential 
of  the  two  metals  in  contact  with  water.  If  we  assume,  however, 
that  the  reaction  between  the  metals  and  the  liquid  is  not  of  an 
electrolytic  order,  we  then  have  the  hydrogen  and  oxygen  cell 
and  the  cell  composed  of  the  two  hydroxides,  in  their  spinel- 
making  relation  to  account  for  the  peculiar  results.  The  time 
curve  seems  to  me  to  indicate  that  there  is  a  non-electrolytic  reac- 
tion modifying  the  conditions. 

The  one  thing  I  feel  competent  to  point  out  is  this :  that 
although  magnesium  and  aluminum  are  ordinarily  taken  as  met- 
als belonging  to  the  same  general  class,  this  is  only  true  under 
limiting  conditions ;  as  soon  as  reaction  with  water  takes  place, 
the  two  hydroxides  have  such  dift'erent  functions  that  it  is  possi- 
ble to  conceive  of  a  hydrogen-oxygen  or  hydrogen-hydroxvl  cell 
being  formed,  under  conditions  differing  from  the  ordinary  ones. 
If,  now,  the  concentration  of  the  two  hydroxides  is  further 
affected  by  a  mutual  reaction  forming  spinel,  we  would  have  a 
second  kind  of  potential  involved  and,  consequently,  the  total 
resultant  might  readily  give  an  intermittent  curve.  If  the  reac- 
tion were  purely  electrochemical,  such  variability  of  potentials 
could  not  be  expected. 

Prof.  Baxcroft  :  There  is  another  case  which  might  have  a 
bearing  on  this.  At  the  meeting  in  Philadelphia,  Mr.  Carhart 
called  attention  to  a  cell  consisting  of  Ni/dil.  Ni/SO^  cone.  Ni 
SO^/Ni.  If  that  were  a  concentration  cell,  and  it  is  on  paper,  the 
current  ought  to  fiow  through  the  solution  from  the  dilute  solu- 
tion to  the  concentrated  solution. 

As  a  matter  of  fact  when  !Mr.  Carhart  tested  it  he  found  that 
the  current  flowed  in  the  opposite  direction.  The  reason  for  that 
has  been  shown  to  be  that  this  is  not  a  concentration  cell  at  all.  but 
that  it  is  an  oxygen  cell.  If  you  keep  oxygen  out  of  the  solution 
you  can  get  results  much  more  in  harmony  with  the  theory ;  and 
it  has  also  been  shown  that  oxygen  corrodes  nickel  faster  in  the 
presence  of  a  concentrated  nickel  sulphate  solution  than  it  does  in 
the  presence  of  a  dilute  nickel  sulphate  solution. 
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Those  thing's  could  not  he  loiLNcen,  bnt  they  actually  occurred 
and  it  is  not  impossible  that  we  are  dealing  with  some  similar 
case. 

Dk.  Thatcher:  1  would  like  to  ask  whether  the  author  stirred 
the  solution  when  making  these  measurements? 

Dk.  HaxcroFT:  1  imagine  not,  except  to  the  extent  that  in 
some  cases  he  bubbled  oxygen  through. 

Du.  ThatchHk:  That  would  not  make  the  cell  completely 
homogeneous. 

Prof.  Bancroft:  As  I  understand  it,  the  problem  is  not  why 
there  should  be  fluctuation  in  the  voltage — that  I  think  is  easily 
explained;  but  why  you  have  a  voltage  of  2.1  or  thereabouts. 

Mr.  SpErkv  :  Is  there  anything  said  as  to  how  the  oxygen  is 
put  in  there? 

Prof.  Bancroft  :  They  either  added  hydrogen  peroxide  or 
bubbled  oxygen  through. 

]\1r.  SpERRY  :    It  does  not  matter.     It  is  agitated. 
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MELTING  POINTS  OF  SOME  CRYOLITE  ALUMINA  MIXTURES. 
By  Francis  R.  1'vne. 

During  the  s[)vhv^  ol  ihc  present  year,  the  writer  together 
with  Mr.  Y.  F.  Hardcastle,  conducted  experiments  on  the  melt- 
ing i)oints  of  various  mixtures  of  cryohte  and  alumina. 

Commercial  cryolite  was  used  in  the  experiments,  no  analysis 
being  made.  The  alumina  was  obtained  in  the  form  of  calcined 
bauxite,  and  by  analysis  coiUained  99.9  Ojo  pure  Al^O-,. 

The  heating  apparatus  consisted  of  a  gas-fired  furnace,  ordi- 
nary illuminating  gas  furnishing  the  fuel.  The  charge  was  con- 
tained in  a  graphite  crucible,  made  by  boring  out  a  solid  graphite 
rod.  The  outside  of  the  rod  was  then  turned  down  to  fit  a 
No.  3  plumbago  crucible.  The  space  between  the  two  crucibles 
was  tightly  packed  with  powdered  graphite. 

The  cryolite  and  the  alumina  were  finely  powdered  and  thor- 
oughly mixed  in  the  proper  proportions.  A  weight  of  one 
hundred  grams  was  used  for  each  determination. 

Temperature  readings  were  obtained  by  the  use  of  a  Le 
Chatelier  Pyrometer,  and  were  taken  at  intervals  of  fifteen, 
seconds,  that  interval  being  found  most  satisfactory. 

The  determinations  were  made  by  placing  the  sample  of  one 
hundred  grams  in  the  double  crucible,  which  was  then  placed  in 
the  furnace  and  the  thermo  couple  inserted  in  the  mixture  through 
a  hole  in  the  furnace  cover. 

The  mixture  was  then  melted  and  when  thoroughly  fluid,  the 
gas  was  turned  off  and  the  mixture  allowed  to  cool,  all  openings 
in  the  furnace  having  been  closed  in  order  to  prevent  access  of 
air.  and  decrease  any  oxidizing  efifect  as  far  as  possible.  The 
temperature  readings  were  then  taken  at  fifteen  second  intervals; 
as  previously  stated,  a  stop  watch  being  used  for  the  sake  of 
srreater  accuracy.  The  readings  were  taken  until  the  mass  had 
thoroughly  solidifietl. 
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It  was  found  to  be  impossible  to  obtain  any  satisfactory  results 
with  a  rising  temperature,  due  to  the  uneven  heating  of  the  cruci- 
ble, the  blast  pressure  varying  considerably,  and  it  was  also  found 
that  the  same  charge  could  be  used  but  twice  at  the  most,  due  to 
oxidation  on  heating. 

An  objectionable  delay  was  caused  l)y  the  thermo-couple 
becoming  very  brittle  after  being  in  the  molten  mixture,  and 
breaking  unless  the  utmost  care  was  used  in  inserting  and  remov- 
ing it.  This  brittleness  had,  apparently,  no  effect  upon  the 
accuracy  of  the  pyrometer,  as  frequent  standardizations  gave 
practically  constant  values.  It  was  found  that,  upon  heating  the 
mixture  to  a  temperature  of  i,ioo°  or  higher,  the  cryolite 
decomposed. 

The  cooling  curves  plotted  from  the  data  obtained,  were  found 
to.  be  quite  smooth,  the  decrease  in  temperature  being  practically 
constant  until  the  material  began  to  solidify,  when  the  temper- 
ature remained  stationary  for  five  or  six  readings,  and  in  some 
cases,  for  as  long  a  period  as  three  minutes,  although  a  weight 
of  but  one  hundred  grams  was  taken. 

The  more  important  of  the  results  obtained  are  given  in  the 
following  table ; 

Cryolite.  Alumina.  kicking  Point. 

loo  o  loooX". 

97  3  974° 

96  4  960° 

95  5  915° 

94  6  960° 

93  -            7  982° 

92  8  992° 

90  10  980° 

85  15  994" 


80  20  lOI 


The  curve  plotted  from  the  above  data  shows  the  most  fusible 
mixture  to  be  that  of  cryolite  95%  with  alumina  5%.  At  96% 
cryolite  there  is  a  drop  of  but  40°,  while  the  95%  mixture  drops 
very  suddenly,  and  as  the  percentage  of  alumina  increases,  rises 
very  rapidly  until  20%  alumina  makes  the  mixture  more  infusible 
than  crvolite  alone. 
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At  lo^f  the  tcnii)craturc  curve  drops  down  to  980°,  and  then 
rises,  showing  the  probable  formation  of  a  compound.  As  this 
drop' is  in  the  neighborhod  of  the   cryolite  91%   alumina  9% 


0      AljOj  6 

10 

15 

100                 95 

AlF3-3NaF 

yo 

ti5 

mixture,  the  composition  will  be  nearly  AI2O3.  .4  (Al  F3  .3  NaF). 
Owing  to  the  limited  time  available,  no  mixture  of  the  above 
percentage  was  made. 

The  writer's  thanks  are  due  to  Prof.  J.  W.  Richards,  at  whose 
suggestion  the  work  was  undertaken  in  the  metallurgical  labora- 
tor>'  of  Lehigh  University. 
Great  Falls,  Mont. 
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SOME  SURFACE  FACTORS  AFFECTING  DISTRIBUTION.* 

By  Harrison  E.  Patten. 

Introduction. 

The  relation  between  the  absorptive  power  of  a  finely  divided 
solid  and  the  qnantity  of  water  retained  by  the  individual  particles 
within  their  own  bodies,  has  been  studied  by  van  Bemmelen/ 
So  far  as  we  are  aware,  there  is  no  set  of  data  sufficiently  com- 
plete to  establish  a  relationship  between  the  quantity  of  substance 
absorbed  by  the  particles  and  the  volume  of  solution  which  they 
retain  in  the  spaces  between  the  particles  when  the  aggregate 
of  grains  is  allowed  to  settle  out  of  suspension  and  pack  down. 
Consequently,  a  system  has  been  studied  to  ascertain  the  effect 
of  absorption  upon  the  quantity  of  liquid  a  powder  will  retain  in 
its  capillary  spaces. 

Experimental— The  solid  w-as  a  quartz  flour  having  the  fol- 
lowing mechanical  analysis : 

Table  I. 
Quartz  flour :     Mechanical  analysis. 

I<imiting  diameters  of  grain  Per  cent,  by  weight 

(mm) 

2-1  O 

1-0.5  O 

0.5-0.25  0.05 

0.25-0.1  0.2 

0.1-0.05  8.0 

0.05-.005  86.2 

0.005-.000  5.42 

•Published  by  permission  of  the  Secretary  of  Agriculture. 
iZeit.  anorg.  Chem.,  23,  112  (1900). 


68  HARRISON    E.    PATTEN. 

The  dye  used  was  gentian  violet, 

CI 


a:xj 


chosen  because  it  has  a  high  coloring  power,  because  it  suffers 
little  or  no  change  by  contact  with  the  quartz,  and  is  absorbed 
by  quartz  to  a  very  considerable  extent. 

The  sample  of  gentian  violet  gave  the  characteristic  reactions, 
viz.:  (i)  dilute  aqueous  acids,  as  hydrochloric  or  nitric  acids, 
turn  the  aqueous  dye  from  a  violet  to  green;  (2)  concentrated 
sulphuric  acid  dissolves  the  dye,  forming  a  yellowish-green 
solution;  and  (3)  aqueous  sodium  hydrate  gives  a  violet  color. 

Each  system  was  made  up  of  100  grams  quartz  flour,  150  cubic 
centimeters  water,  and  a  definite  weight  of  dye. 

After  several  preliminary  experiments,  using  a  thermostat 
regulated  to  o.i  of  a  degree,  Centigrade,  it  was  found  that  the 
factor  of  error  produced  by  insufficient  agitation  (  in  the  thermo- 
stat) of  the  bottles  containing  the  quartz  and  dye  solution,  and 
by  the  necessity  of  centrifuging  these  bottles  at  room  temperature 
to  insure  settling  after  complete  mingling  of  quartz  and  solution 
had  finally  been  secured,  rendered  the  thermostat  useless  for  the 
present  purpose.  The  experiments  were  accordingly  carried  out 
at  room  temperature,  about  25°  C. 

In  addition  to  determining  the  concentration  of  the  solution 
remaining  above  the  quartz  flour,  its  volume  was  measured ; 
that  is.  the  volume  of  the  liquid  which  could  be  drained  off  from 
the  quartz  after  the  bottle  containing  the  system  had  been  centri- 
fuged  at  high  speed  for  about  ten  hours  and  then  allowed  to 
stand  some  six  weeks  upon  the  shelf.  This  liquid,  remaining 
above  the  quartz,  could  be  poured  off  cleanly,  and  measured  to 
within  0.3  cubic  centimeter,  since  the  quartz  had  settled  into  a 
compact  mass  in  ever\'  bottle  used.  This  volume  subtracted 
from  the  150  cubic  centimeters  originally  added,  gives  the  liquid 
retained  in  the  pore  spaces  between  the  quartz  particles.  The 
dye  was  estimated  colorimetrically. 
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Table  II. 

Quartz   tlour,  gentian   violet,  and   water : 
150  cc.  water,  temperature,  25°  C. 

12  3 


100  grams   quartz, 


Grams  dye 
added. 

Grams  dye  ab- 
sorbed by  100 
grams  quartz. 

Grams  dye  left  ia 
100  cc.  solution. 

0. 

0. 

0. 

0.006 

0.006 

trace 

0.015 

0.014 

0.000 1 

0.019 

0.017 

(o.oooi-l-)* 

0.038 

0.036 

(0.0002)* 

0.075 

0.0743 

0.0004 

O.IOO 

0.0984 

0.00108 

0.200 

O.I9OI 

0.0066 

0.300 

0.266 

0.0224 

0.400 

0.289 

0.0740 

0.500 

0.295 

0.1370 

0.700 

0.297 

0.2668 

1. 000 

0.293 

0.4710 

2.50 

0.290 

1475 

Volume  of 
solution  re- 
tained by 
100  grams 
quartz, 
cc. 


36.5 


36.0 
38.0 
48.0 
50.0 
46.0 
40.0 

37-0 
34-0 
30.0 
29.0 
29.0 


/^^ 

/ 

0 

05                                                       0 

Grftj..   dy«  inlOOc 

FlQ.  1. 


Table  II  gives  the  data.  Column  i  contains  the  grams  of  dye 
added;  column  2  the  dye  absorbed  by  100  grams  of  quartz; 
column  3,  the  dye  remaining  in  solution  ;  and  column  4,  the  volume 
of  solution  retained  by  the  quartz.     Figure  I  shows  the  grams  of 


•Interpolated. 
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dye  absorbed  by  lOO  grams  of  quartz,  plotted  against  the  grams 
of  dye  in  loo  cubic  centimeters  of  solution.  The  curve  is 
apparently  exponential  in  form,  but  does  not  correspond  to  a 
simple  equation. 

Figure  II  shows  the  volume  of  solution  in  tJhe  spaces  between 
the  quartz  particles,  as  a  function  of  the  grams  of  dye  held  on 
those  particles.  During  the  first  stages  of  absorption,  this  volume 
of  liquid  retained  by  the  quartz  changes  from  36  cubic  centimeters 
to  50,  an  increase  of  some  39  per  cent.  The  maximum  volume 
of  liquid,  50  cubic  centimeters,  is  held  in  the  capillary  spaces 
when  about  one-fourth  of  the  gentian  violet  which  the  quartz 
can  absorb  has  been  taken  up ;  and  as  more  and  more  dve  is 
absorbed  on  the  grains  of  quartz,  the  volume  of  liquid  between 


|40 

~~"~~^ 

^^^ 

^ 

•'.0 

0 

Fig.  2. 


them  gradually  decreases,  'till  only  29  cubic  centimeters  are 
held — 7.5  cubic  centimeters  less  than  the  volume  of  distilled 
water  which  100  grams  of  this  quartz  flour  retains. 

In  connection  with  this  quantitative  data,  there  is  to  be  con- 
sidered the  state  of  aggregation  of  the  quartz  flour  as  it  settles 
from  suspension  in  the  liquid. 

At  the  maximum  point  of  the  curve  in  figure  2,  the  quartz 
flour  settles  more  readily  than  in  the  bottles  which  correspond 
to  the  points  each  side  of  this  maximum.  And  at  high  concen- 
trations of  dye  in  solution,  the  bottles  must  be  centrifuged  to 
clear  the  solution. 

We  are  in  no  position  to  state  the  fundamental  reasons  for 
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citluT  absorption   or   llocculatioii,'   hut  a  tentative  hypothesis  as 
to  the  interrelation  of  these  observations  is  suggested. 

1  —  It  is  a  fact  that  when  viewed  under  a  microscope,  the  quartz 
flour  is  seen  to  abstract  the  dye.  gentian  violet,  from  dilute  solu- 
tion, and  the  particles  then  form  into  clusters.  If  the  quartz  be 
suspended  in  distilled  water,  and  the  dilute  dye  solution  added 
from  one  side,  the  particles  immediately  at  hand  absorb  the  dye 
from  solution  ami  form  into  larger  aggregates;  and  those  par- 
ticles at  the  other  side  of  the  microscopic  field  get  no  dye  and 
remain  as  before,  evenly  distributed  or  deflocculated.  The 
addition  of  dye  to  a  body  of  quartz  in  quantity  insufficient  to 
satisfy  its  absorption  capacity,  leads  to  the  formation  of  aggre- 
gates, and  leaves  a  considerable  part  of  the  quartz  in  its  original 
condition  as  individual  grains.  The  more  dye  added,  the  more 
aggregates  could  be  formed,  up  to  a  certain  limit. 

2 — It  is  evident  that  as  the  number  of  the  aggregates  increases, 
the  quartz  as  a  whole  will  settle  faster  and  faster;  and  when 
packed  down  by  centrifuging,  will  occupy  more  and  more  volume, 
and  thus  leave  room  for  more  and  more  liquid  in  its  capillary 
spaces;  and  this  is  what  actually  happens,  as  shown  in  Fig.  II,  the 
volume  retained  increasing  to  a  maximum,  50  cubic  centimeters. 

3 — The  total  surface  of  quartz  grains  exposed  to  the  dye  solu- 
tion is  decreased  as  the  number  of  aggregates  increases,  so  the 
absorptive  capacity  would  be  proportionately  decreased  in  so  far 
as  it  is  due  to  surface  effect. 

4 — We  might  expect,  then,  that  the  maximum  absorption  capacity 
of  a  powder  clustered  into  aggregates  would  change  if  for  any 
reason  the  clusters  were  broken  up  or  separated  into  individual 
grains,  with  all  their  faces  exposed  to  the  solution.  If  this 
happened,  it  would  be  likely,  too,  that  the  particles  of  quartz 
would  settle  closer  together,  occupy  less  volume,  and  retain  less 
liquid  in  their  capillary  spaces.  Now  Fig.  II  shows  that  this 
decrease  in  volume  of  solution  held  by  quartz  does  take  place, 
and  with  considerable  regularit}',  as  the  quantity  of  dye  absorbed 
by  quartz  increases. 

^^^Whitney  and  Hosmer,   Bull,   No.   9,   Division  of  Soils,   U.   S.   Dept.   of  Agriculture 

Briggs,  Bull.  No.  15,  Division  of  Soils,  U.  S.  Dept.  of  Agriculture  (1890);  also 
Jour.  Phys.   Chem.,  q,  617    (1905).  \      yyy  ,    a  au 

Cameron  and  Bell  Bull.  No.  30,  Bureau  of  Soils,  U.  S.  Dept.  of  Agriculture  (iocs). 
^j|chremer   and  Failyer,   Bull.   No.   32,   Bureau  of   Soils,   U.    S.   Dept.   of  Agriculture 

Patten,  Trans.  Am.  Electrochem.  Soc,  p,   (1906). 
Buckingham,  ibid,  9,   (1906). 
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Several  experiments  were  tried  with  quartz  flour  and  sodium 
eosine  in  aqueous  solution  to  ascertain  the  form  of  the  distribution 
curve  for  sodium  eosine  between  quartz  and  water,  and  the 
volume  of  liquid  which  quartz  holds  under  these  conditions. 

The  results  are  given  in  Table  III,  and  show  that  the  quantity 
of  sodium  eosine  absorbed  by  quartz  flour  is  a  linear  function 
of  the  solution  concentration.  The  volume  of  solution  retained 
by  the  quartz,  too,  is  in  every  case  less  than  that  of  distilled 
water,  as  shown  in  Table  II;  and  every  concentration  of  sodium 
eosine  tried,  deflocculates  the  quartz,  which  has  to  be  removed 
from  suspension  by  continued  centrifuging. 

At  lower  concentrations,  the  sodium  eosine  is  much  more 
easily  washed  out  from  the  quartz  than  the  gentian  violet,  as 
might  be  expected  from  their  respective  distribution  curves. 

To  ascertain  how  much  water  this  particular  sample  of  quartz 
flour  would  absorb  from  an  atmosphere  saturated  with  water 
vapor  at  the  temperature  of  the  laboratory,  a  fifty-gram  portion 
of  the  quartz  was  placed  in  a  shallow  dish  and  kept  in  a  covered 
glass  vessel  over  water,  and  the  gain  in  weight  determined.  The 
quartz  absorbed  0.8  per  cent.,  by  weight,  at  28°,  corresponding 
to  a  partial  pressure  of  water  vapor  of  28.1  mm. 

Table  III. 

Quartz  flour  and  sodium  eosine,  100  grams  quartz  and  150  cc. 
solution. 

Volume  of  solution 
retained  by  loo 
grams  quartz, 
(cc) 


Grams  dye 
added. 

0.00496 

0.0150 

0.0496 

0.150 

1.50 


Grams    dye   absorbed 
per  loo  grams   quartz 

0.0009 

0.00135 

0.0084 

0.0348 

0.420 


Grams  dye  per 
100  cc.  solution. 

0.0027 

0.0091 

0.0274 

0.0768 

0.720 


30.0 

29.0 
29.0 


If  we  assume  that  100  grams  of  quartz  flour  holds  absorbed 
upon  its  surface,  0.8  gram  water,  or  0.8  cubic  centimeters,  when 
saturated  with  liquid  water,  as  well  as  when  in  equilibrium  with 
saturated  water  vapor,  then  it  is  clear  that  the  larger  volume  of 
liquid  held  by  the  quartz  when  settled  from  suspension  is  con- 
tained mostly  in  the  interstitial  spaces  as  capillary  liquid. 
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Parks  has  shown^  that  glass  wool  saturated  with  water  vapor 
evolves  no  heat  wiien  placed  in  liquid  water,  although  the  same 
glass  wool  when  dry  gives  o.ooii  calorie  per  square  centimeter 
of  its  surface.  In  another  paper"  he  states  that  the  apparent 
specific  heat  of  water  in  contact  with  a  solid  is  approximately 
(r  —  \  .  !|), where  A  is  the  area  of  the  surface  of  the  water 
in  contact  with  the  solid,  w  is  the  mass  of  water,  h  is  the  heat 
evolved  per  square  centimeter  at  the  surface  of  the  solid  and 
liquid  (Pouillet  effect),  and  T  is  the  absolute  temperature. 
From  this,  it  is  evident  that  if  the  mass  of  water  is  small,  com- 
pared to  the  mass  of  powder,  the  variation  in  the  apparent  specific 
heat  may  be  very  great,  so  that  it  is  not  necessary  to  assume, 
as  Martini^  did,  that  some  of  the  water  is  solidified  on  the  surface 
of  the  powder,  in  order  to  account  for  the  apparent  variation 
in  the  specific  heat. 

Both  of  the  above  considerations  support  this  assumption, 
which,  of  course,  is  not  rigid,  since  it  is  necessarily  modified  by 
the  fact  that  the  grains  of  quartz  touch  each  other  and  hold 
water  in  the  solid  angles  thus  formed,  and  obviate  the  possibility 
of  a  surface  layer  of  liquid  of  uniform  thickness  over  all  the 
grains.  Still,  this  experiment  on  the  absorption  of  water  vapor 
from  a  saturated  atmosphere  gives  a  rough  idea  of  the  quantity 
of  hygroscopic  liquid  which  the  quartz  holds  when  saturated  with 
dye  solution.  And  when  taken  with  the  other  considerations, 
already  advanced,  it  shows  that  the  increase  in  volume  of  the 
settled  quartz  flour,  as  the  quantity  of  dye  absorbed  is  increased, 
is  due  to  a  change  in  the  state  of  aggregation  of  the  quartz 
particles,  rather  than  to  a  union  of  the  dyed  quartz  particles  with 
water  to  form  hydrated  particles  occupying  a  larger  volume  than 
the  individual  quartz  grains. 

This  property  of  a  settled-out  solid,  viz.,  of  varying  its  apparent 
volume  as  the  strength  of  the  supernatant  liquid  varies,  is  not 
confined  to  quartz  in  dye  solution.  It  is  a  very  general  phe- 
nomenon, exhibited  by  acids,  bases,  and  neutral  salts  with  finely 
divided  solids  and  soils. 

Some  of  the  factors  which  must  be  considered  in  future  work 
along  this  line  are: 

iPhil.  Mag.,  (6)  5,  519  (1903). 
•Phil.  Mag.,  (6)  4,  240  (1902). 
»Atti  del  R.  Institute  Veneto,  S  (1896);  p   (1897);  12  (1900). 
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I — Accurate  chemical  data  upon  the  quantity  of  sohite  or 
radicle  absorbed  from  solution  by  the  suspended  powder. 

2 — Final  concentration  of  suspending  solution. 

3 — Acid  or  basic  nature  of  the  powder  and  of  the  solute  used. 

4 — ]\reasurement  of  the  volume  of  solution  retained  by  the 
powder  when  settled  from  solution  under  fixed  conditions. 

5 — Measurement  of  the  time  rate  of  settling  for  the  same 
weight  of  powder  in  the  dififerent  concentrations  of  solution  used. 

6 — Measurement  of  the  volume  of  liquid  retained  by  the  settled 
powder  in  dififerent  pure  solvents,  as  compared  with  the  rate  of 
settling  of  the  powder  in  these  solvents. 

7 — Accurate  control  of  temperature. 

8 — ^leasurement  of  the  electrical  conductivitv  and  other 
physical  constants  of  the  final  concentration  of  solution  reached 
after  the  powder  had  exercised  its  absorbing  power. 

9 — Quantity  of  liquid  which  the  dry  powder  will  absorb  from 
a  saturated  atmosphere  of  the  liquid. 

TO — Lowering  or  raising  of  surface  tension  of  liquid,  produced 
by  dissolving  the  given  solute  in  it. 

II — Possible  hydrolysis  of  the  solvent  or  solute:  or  decompo- 
sition under  the  influence  of  the  greatly  extended  surface  oflfered 
by  the  powder. 

Thus  it  is  clear  that  the  form  of  curve  representing  the  distri- 
bution of  solute  between  powder  and  solution  will  be  very 
considerably  modified  by  the  change  in  surface  which  the  powder 
undergoes  as  it  flocculates  or  deflocculates  with  the  changing 
concentration  of  the  solution. 

Bureau  of  Soils, 

U.  S.  Dep't  of  Agriculture.  Washington,  D.  C. 
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Society,  held  in  Neiv  York,  N.  Y., 
October  p,  1906,  President  Ilcring  in 
the  cha'xf. 


PYROMETERS. 

By  E.  F.  Roeber. 

In  view  of  the  increasing  importance  of  pyrometry  in  the 
chemical  and  metallurgical  arts,  it  has  been  thought  interesting 
to  have  at  this  meeting  an  exhibition  of  some  of  the  more 
important  modern  commercial  types  of  pyrometers.  While  this 
exhibition  is  not  at  all  complete,  it  is  fairly  representative.  We 
also  have  the  pleasure  to  have  with  us,  to-day,  some  specialists 
in  pyrometry  who  will  address  you  later.  Under  these  circum- 
stances, I  will  endeavor  to  be  as  short  as  possible  in  the  few 
introductory  remarks  which  I  wish  to  make  on  the  definition 
and  measurement  of  temperature. 

F'irst,  concerning  the  definition  of  temperature.  Our  senses 
tell  us  whether  a  substance  or  a  body  is  hot  or  cold,  but  they 
do  not  give  us  a  temperature  scale.  All  measurements  of  the 
temperature  of  a  body  are  essentially  based  on  using  a  body  of 
comparison,  w'hich  is  called  a  thermometer  or  pyrometer.  We 
bring  this  in  contact  with  the  body,  the  temperature  of  which  is 
to  be  measured,  and  we  wait  until  thermal  equilibrium  is  estab- 
lished. As  thermometric  substance,  we  use  a  body  that  has 
some  property  which  changes  greatly  when  the  body  is  heated 
or  cooled.  This  variable  property  we  employ  for  the  tempera- 
ture scale.  Thus,  in  a  gas  thermometer,  the  absolute  temperature 
is  directly  given  by  the  volume  of  the  gas  at  constant  pressure. 

It  is  important  that  thermal  equilibrium  is  established  between 
the  substance  under  test  and  the  thermometer  before  a  reading 
is  taken.  This  point  is  especially  to  be  considered  with  recording 
instruments  when  used  in  cases  of  rapid  temperature  changes. 
A  sensitive  thermo-electric  pyrometer,  for  instance,  will  follow, 
immediately,  all  changes  of  temperature  in  air  during  a  thunder- 
storm. It  may  show  a  sudden  drop  of  temperature,  for  instance, 
while  a  mercury  thermometer  will  show,  at  the  same  time,  a  less 
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sudden  drop,  simply  because  it  is  not  able  to  get  immediately  into 
thermal  equlibrium  with  the  surrounding  air. 

The  use  of  a  thermometer  makes  us  dependent  on  the  substance 
of  which  the  thermometer  consists,  mercury,  gas,  platinum,  etc. 
We  may  choose  two  fixed  temperature  points.  Then,  different 
types  of  thermometers,  when  properly  calibrated,  will  give,  cor- 
rectly, the  temperature  at  these  two  fixed  points,  but  there  will 
be  variations  at  other  points,  though  they  may  be  small.  Now, 
there  would  really  be  no  reason  why  one  substance  should  be 
better  as  a  thermometric  standard  than  another  substance,  if  we 
had  not  the  fact  that  the  laws  which  govern  the  so-called  perfect 
gases  are  so  simple  and  uniform  that  we  conclude  that  these 
regularities  are  based  on  a  simple  and  uniform  constitution  of 
gases,  and  the  temperature  uniformly  indicated  by  them  we 
define  as  the  temperature.  This  is  the  only  reason  why  the  gas- 
thermometer  temperature  is  made  the  standard. 

But,  after  all,  it  is  an  arbitrary  standard.  Even  those  gases 
which  are  almost  "perfect,"  show  slight  dift'erences,  and  if  we 
want  to  take  those  into  consideration,  then  we  are  "up  in  the  air" 
with  our  definition  of  temperature,  and  we  cannot  get  on  solid 
ground,  except  we  get  free  altogether  from  any  arbitrary  thermo- 
metric substance.  We  need  a  temperature  scale  which  is  abso- 
lutely independent  of  any  special  substance. 

This  can  be  accomplished  in  no  other  way  but  by  using  the 
second  principle  of  thermodynamics,  in  its  most  general  form, 
where  it  does  not  depend  on  any  special  substance.  This  leads 
to  the  so-called  thermodynamic  temperature  scale  of  Lord  Kelvin. 

When  stripped  of  all  mathematical  refinements,  the  situation 
is  simply  this :  We  have  the  second  principle  of  thermodynamics, 
and  we  elevate  it  to  the  rank  of  an  absolutely  true  dogma.  In 
any  equation  by  which  the  principle  may  be  expressed,  or  in  any 
formula  which  may  be  derived  from  it,  the  absolute  tem- 
perature, T,  of  the  thermodynamic  temperature  scale  is  an  inde- 
pendent variable — not  the  temperature,  /,  of  any  arbitrary  tem- 
perature scale.  On  the  other  hand,  what  we  observe  and  measure 
is  the  behavior  of  a  substance,  or  function  of  the  temperature,  t, 
on  the  scale  of  that  arbitrary  instrument  which  we  may  use 
(mercury  thermometer  or  electric  resistance  pyrometer,  etc.). 

Now  assume  we  have  an  equation  which  is  a  strict  consequence 
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of  the  second  principle  of  thermodynamics  and  assume  that  every 
quantity  in  this  equation  can  he  exactly  measured,  at  least  if  t 
is  substituted  for  T.  Then,  if  we  find  that  the  equation  does 
not  come  out  exact  numerically,  we  conclude  that  the  disagree- 
ment is  due  to  the  fact  that  t  and  T  arc  not  identical,  and  that 
our  substitution  of  /  for  T  was  wrong. 

But  this  conclusion  places  us  at  once  in  a  position  to  determine 
/  as  function  of  T,  for,  in  the  original  equation  (which  contains 
T  as  an  independent  variable),  we  may  set  T  =  f  (t),  so  as  to 
get  t  (instead  of  T)  as  independent  variable.  Then  the  new 
equation  will  be  a  dififerential  equation  which  enables  us  to 
determine  f(^)  as  function  of  t,  since  all  differential  quotients, 
with  respect  to  /,  which  appear  in  this  equation,  are  directly 
measurable  quantities. 

In  this  way,  we  can  determine,  experimentally,  T  as  function 
of  t,  or,  in  other  words,  wc  are  enabled  to  reduce  experimentally 
any  arbitrary  temperature  scale  (t)  to  the  absolute  thermody- 
namic temperature  scale  (T).  The  latter  is  independent  of  any 
arbitrary  substance,  and  depends  only  on  our  fundamental  sup- 
position that  the  second  principle  of  thermodynamics,  in  its  most 
general  form,  is  exactly  correct. 

How  this  method  of  reducing  t  to  T,  works  out  mathematically 
for  difTerent  equations  which  are  consequences  of  the  second 
principle  of  thermodynamics,  has  been  shown  in  detail  and  with 
great  clearness  by  Prof.  Planck  in  his  book  of  thermodynamics.* 
But  not  until  these  theoretical  possibilities  of  reducing  ^  to  T 
are  experimentally  realized,  can  we  claim  to  have  established 
an  exact  absolute  temperature  scale. 

While  thus  the  situation,  with  respect  to  a  scientific  definition 
of  temperature,  still  leaves  very  much  to  be  desired,  enormous 
progress  has  been  made  in  recent  years,  in  engineering  practice, 
in  the  invention  and  application  of  thermometers  and  pyrometers. 
We  have  now,  decidedly,  a  pyrometer  boom,  and,  different 
from  certain  other  booms,  this  one  is  bound  to  last  and  grow, 
since  pyrometry  is  an  essential  inherent  part  of  that  omnipotent 
tendency  which  makes  exact  principles,  measurements  and 
calculations  the  fundamental  basis  of  all  modern  engineering 
work.     And  best  of  all,  those  very  great  difficulties,  sketched 

*  Max  Planck,  Vorlesungen  iiber  Thermodynamik  (1897),  §  160  to  164  and  177. 


78  E.   P.  ROEBER. 

above,  which  confront  us  in  the  problem  of  an  exact  scientific 
definition  of  temperature,  are  wholly  insignificant  in  the  practice 
of  pyrometry. 

For  all  practical  purposes,  the  gas-thermometer  scale  is  perfect, 
and  by  comparison  with  its  scale,  we  can  calibrate  any  other 
pyrometer.  We  need  some  fixed  points,  and  we  have  them 
very  conveniently  in  the  fusing  points  of  pure  metals  or  of  well- 
defined  alloys,  as  well  as  the  boiling  points  of  certain  compounds.* 
But  it  is  evident  that  there  should  be  an  international  agreement 
concerning  the  figures  for  these  fixed  points.  An  instance  has 
come  to  the  attention  of  the  author  where  the  figures,  used  for 
a  certain  point  by  the  Bureau  of  Standards,  in  Washington,  and 
by  the  German  Reichsanstalt,  agreed  with  each  other,  while  a 
different  value  was  used  in  France  for  pyrometer  calibration. 
This  must  necessarily  lead  some  day  to  confusion.  That 
uniform  values  should  be  used,  is  far  more  important  than  that 
the  values  should  agree  with  absolute  exactness  with  the  tem- 
perature scale. 

The  pyrometers  which  are  here  on  exhibition,  represent  a 
number  of  quite  diflferent  types.  Without  going  into  any  descrip- 
tion, I  will  mention  the  underlying  principles. 

The  action  of  the  ordinary  mercury  thermometer  depends  on 
the  fact  that  the  expansion  of  mercury,  under  the  influence  of 
heat,  is  greater,  by  a  great  many  times,  than  the  expansion  of 
the  containing  glass  tube  and  scale.  This  principle  of  the 
difference  of  expansion  of  two  different  materials,  is  made  use 
of  in  a  novel  way  in  two  pyrometers  exhibited  by  Messrs.  Edward 
Brown  &  Son.  One  is  a  recording  pyrometer,  a  modification  of 
the  Brown  hot-blast  pyrometer.  The  other  is  the  Brown  quick- 
acting  platinum  pyrometer. 

Of  electric  resistance  pyrometers,  two  are  here  exhibited, 
both  made  by  the  Cambridge  Scientific  Instrument  Co.  One  is 
provided  with  the  Whipple  temperature  indicator,  the  other  with 
the  Callendar  recorder. 

Of  thermo-electric  instruments,  we  have  here  quite  a  collec- 
tion. A  Heraeus-Le  Chatelier  platinum-rhodium  pyrometer  is 
exhibited  by  Mr.  Chas.  Engelhardt.     Then  there  are  here  quite 

*  Concerning  some  of  the  latest  and  best  determinations,  see,  for  instance,  A.  L.  Day 
and  E.  T.  Allen,  Physical  Review,  Sept.,  1904,  and  Palmer,  Physical  Review^  Aug.,  1905. 
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a  nuiiihor  of  typos  of  the  new  pyrcjincter  of  I'rof.  William  li. 
Bristol.  The  I'ricc  pyrometer,  exhibited  by  the  Electric  Dental 
Specialty  Co.,  is  also  a  thermo-electric  instrument. 

Finally,  wo  have  here  the  h^ery  radiation  pyrometer,  exhibited 
by  the  Wilson-Maeulen  Co.  In  contradistinction  to  optical 
pyrometers,  in  which  the  measurement  is  restricted  to  a  single 
wave  lenj^th  within  the  visible  spectrum  (Wien's  and  Planck's 
laws),  the  Fery  radiation  pyrometer  is  based  on  the  measurement' 
of  the  total  radiation  (Stefan-Boltzmann  law).  I  may  mention 
that  the  Fery  [)yrometer  is  the  tirst  radiation  or  optical  pyrometer 
which  has  been  made  recording.  This  success  is  due  to  the 
Cambridge  Scientific  Instrument  Co. 

Now,  concerning  the  use  of  pyrometers  in  practice.  We  know 
that  in  many  industrial,  chemical  and  metallurgical  processes,  the 
maintenance  of  the  correct  temperature   is   absolutely  essential. 

Formerly,  the  manufacturer  depended  on  the  trained  eye  of 
the  workman.  The  disadvantages  are  evident.  One  is  that  alt 
the  knowledge  is  stored  in  the  workingman.  When  he  leaves, 
the  knowledge  how  to  regulate  the  temperature  leaves  with  him. 
On  the  other  hand,  if  we  use  a  pyrometer,  we  need  to  establish, 
once  for  all.  the  correct  series  of  temperatures  required  for 
economical  working,  and  make  a  record,  and  we  can  then  dupli- 
cate this  record  all  the  time.  The  pyrometer  makes  us  then 
independent  of  the  personal  equation  of  the  furnaceman. 

Further,  recording  pyrometers  give  us  a  method  of  control  of 
the  workman.  We  see,  from  the  record,  how  efficient  the  dif- 
ferent men  are. 

Moreover,  if  properly  put  up  to  the  workingman,  he  will  lool< 
at  a  pyrometer,  not  as  a  spy,  but  as  a  help.  It  gives  him  some 
guide  to  rely  upon.  Mr.  Whipple,  of  the  Cambridge  Scientific 
Instrument  Co.,  has  proposed  to  establish  a  bonus  system.  A" 
certain  bonus  should  be  paid  to  the  workingman  who  keeps  all 
the  time  within  certain  pre-determined  limits  of  temperature. 

In  the  old  chemical  and  metallurgical  arts,  manufacturers  were 
mostly  satisfied  to  determine  volumes  and  weights.  The  fact  that 
so  much  more  attention  is  now  being  paid  to  the  measurement 
of  temperatures  in  chemical  and  metallurgical  engineering  prac- 
tice, indicates  that  these  arts  are  now  becoming  what  they  ought 
to  be — applied  physical  chemistry. 


A  paper  read  at  the  Tenth  General  Meet- 
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A  THERMO-ELECTRIC  PYROMETER  FOR  GENERAL 
INDUSTRIAL  APPLICATIONS. 

By  F.  F.  Schuetz. 

The  William  H.  Bristol  thermo-electric  pryometer  is  the  out- 
come of  a  demand  for  a  comparatively  inexpensive  and  practical 
pyrometer  capable  of  withstanding  rough  treatment,  and  while 
perhaps  not  so  accurate  or  capable  of  close  reading  as  some 
types,  is  yet  of  sufficient  accuracy  to  permit  of  extended  appli- 
cation in  the  arts  and  answers  a  great  many  practical  require- 
ments. In  fact,  since  the  introduction  of  this  type  of  pyrometer 
the  field  of  pyrometry  has  been  considerably  enlarged,  many 
unique  applications  being  made. 

Before  describing  the  pyrometer  and  its  applications,  it  might 
be  well  to  indicate  some  of  the  requisites  of  a  pyrometer  suitable 
for  industrial  application. 

(i)  It  is  most  necessary  that  the  indicating  device  should 
be  direct  reading  with  visible  scale  and  of  such  construction 
as  to  be  capable  of  withstanding  handling  by  people  of  ordinary 
intelligence. 

(2)  It  must  be  comparatively  inexpensive  both  as  to  first  cost 
and  cost  of  maintenance  and  so  constructed  as  to  permit  of  the 
ready  replacement  of  any  destructible  parts,  and  this  at  small 
cost. 

(3)  It  must  be  flexible  or  capable  of  being  readily  arranged 
for  application  to  diflFerent  places  and  for  diflferent  purposes. 

(4)  It  must  eliminate  the  personal  equation. 

The  William  H.  Bristol  pyrometer  has  already  been  described 
at  length  before  the  American  Society  of  Mechanical  Engineers, 
and  I  will,  therefore,  dwell  more  in  particular  upon  some  of  the 
details  of  construction  as  they  bear  upon  the  making  of  a  pyro- 
meter suitable  for  general  industrial  application. 

The  thermo-electric  couple  consists  of  two  inexpensive  metals 
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or  alloys  in  the  form  of  wires  usually  of  i-i6  inch  or  ^  inch 
diameter,  said  couple  giving  an  e.  m.  f.  of  about  live  times  that 
of  the  standard  platinum-rhodium  couple. 

The  wire  forming  the  elements  of  the  couple  is  of  sufficient 
diameter  to  avoid  the  introduction  of  any  considerable  resistance, 
and  also  to  make  negligible  the  resistance-temperature-error  of 
the  couple. 

The  couples  themselves  are  protected  in  a  rather  novel  and 
effective  manner  by  first  winding  each  wire  with  asbestos  cord 
and  then  painting  it  with  an  insulating  paint  consisting  of  a 
mixture  of  powdered  carborundum  and  a  syrupy  solution  of 
silicate  of  soda.  This  insulation  has  proved  perfectly  satisfactory 
for  temperatures  up  to  2000°  Fahr.,  and  is  very  simple  and 
effective.  The  two  elements  are  twisted  and  welded  together  at 
the  hot  end  of  the  couple  and  left  bare,  so  that  there  is  practically 
no  lag  error.  For  higher  temperatures  and  under  conditions  in 
which  the  insulation  or  couple  is  subject  to  injury,  the  couple 
thus  insulated  is  inserted  into  suitable  tubes  of  nickel,  wrought 
iron,  plumbago,  porcelain,  or  the  like. 

Owing  to  the  comparative  inexpensiveness  of  the  elements  and 
of  the  method  of  insulating,  these  couples  may  be  made  of 
almost  any  desired  length  and  used  in  any  desired  number — often 
in  connection  with  but  a  single  indicating  instrument.  Couples 
of  a  length  of  twenty  feet  are  being  used,  and  it  will  be  readily 
understood  that  the  first  cost  of  a  platinum  rhodium  couple  of 
this  length  and  with  porcelain  insulation,  or  a  dozen  or  more 
shorter  couples  of  this  character,  would  be  prohibitive.  Where 
many  couples  are  used  upon  one  and  the  same  indicating  instru- 
ment, a  suitable  switching  device  is  provided,  so  that  the  tem- 
perature at  numerous  points  may  be  quickly  determined  by  simply 
throwing  the  proper  switch. 

One  of  the  most  important  features,  however,  in  connection 
with  these  couples  is  the  fact  that  it  is  not  necessary  to  renew 
an  entire  couple  in  case  of  burn-out  or  other  injury  to  the 
couple,  but  that  only  the  active  part  called  the  "fire-end"  or  part 
exposed  (usually  only  a  small  part  of  the  whole  length)  needs 
to  be  replaced  and  this  may  be  readily  and  quickly  done  and  at 
but  a  fraction  of  the  cost  of  the  entire  couple.  It  is  but  a  small 
item  to  keep  a  stock  of  "fire-ends"  on  hand. 
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Tliesc  fire-ends  serve  also  as  a  means  to  check  an  active  couple, 
it  being-  only  necessary  to  remove  the  "fire-end"  which  is  in  use 
and  insert  for  a  few  moments  one  of  the  new  ones. 

This  highly  desirable  feature  of  replacement  is  accomplished 
by  making  the  couple  separable  in  dividing  it  into  two  parts 
intermediate  of  the  hot  and  cold  end, — the  "fire-end"  or 
part  directly  exposed,  and  the  "extension  piece"  or  part 
not  directly  exposed  to  the  heat  and  adapted  to  be  fixed  in  a 
permanent  position.  The  two  parts  are  made  of  a  length  as 
required  by  the  particular  application  and  arc  connected  by  means 


Fig.  1. 


Fig.  2. 


of  the  terminal  pieces  which  are  so  arranged  that  it  is  impossible 
to  incorrectly  connect  the  two  parts,  see  Fig.  i. 

For  certain  purposes  the  elements  of  the  couple  are  not  joined 
or  welded  together  at  the  hot  end,  but  are  separated  and  left 
exposed  for  a  short  distance,  A  small  plate  of  copper,  nickel 
or  platinum  is  sometimes  welded  or  soldered  to  the  pointed 
separated  ends,  and  this  plate  then  touched  to  an  object  whose 
temperature  it  quickly  assumes.  For  instantaneous  response  the 
hot  end  of  the  couple  is  reduced  to  the  smallest  possible  size. 

The  terminals  of  the  couple  or  its  so-called  "cold  end"  are 
connected     by     means     of     duplex     flexible     copper     leads     of 
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any  desired  length  and  of  ample  cross-section  to  a  special 
low  resistance  milli-voltmeter  made  by  the  Weston  Electrical 
Inst.  Co.,  which  is  either  of  the  wall  type  for  indicating  or  record- 
ing, or  of  the  portable  type.  The  large  station  type  is  also  used 
occasionally  when  finer  readings  are  required.  These  instruments 
are  direct  reading  with  visible  scale,  of  the  pivot  type  with  jewel 
bearings,  dead  beat,  requiring  no  leveling  or  adjustment,  and  are 
capable  of  withstanding  rough  treatment. 

The  instrument  together  with  leads  and  couple  is  of  low 
resistance,  the  total  resistance  being  in  no  case  more  than  lO 
ohms — nor  less  than  2  ohms.  This  fact  allows  the  flow  of  a  suffi- 
ciently   heavy    current    to    operate    a    pivot    type    of    indicating 
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instrument  such  as  the  type  described,  and  thus  does  away  with 
the  delicate  suspension  galvanometer  which  cannot  be  classed  as 
an  instrument  suitable  for  industrial  application. 

Another  important  result  of  the  low  resistance  feature  is  the 
possibility  of  being  able  to  provide  one  and  the  same  indicating 
instrument  with  several  different  scales  by  introducing  different 
resistances  in  the  instrument  and  providing  the  required  binding 
posts. 

The  low  resistance  also  makes  practicable  the  automatic  cor- 
rection for  the  effect  due  to  temperature  variations  upon  the  cold 
end  of  the  couple.     This  is  accomplished  by  inserting  in  series 


A  tiikumo-i:m;ctkic  pvkijmktkr. 


85 


in  the  circuit  and  in  close  proximity  to  the  cohi  end  of  the  couple, 
a  mercury  thermo-metric  device,  f'l^s.  2  and  3,  which  cuts 
in  or  out  resistance  in  accordance  with  temperature  variations, 
and  therehv  balances  the  chanj^e  in  thermo-electric  effect  and 
maintains  constant  the  current  flowing-.  This  compensation  is 
perfect  onl\-  for  a  predetermined  temperature,  however,  but  is 
sufificiently  accurate  over  a  "working-  range." 

r.efore  discussing  the  industrial  applications  of  the  pyrometer, 
I  should  like  to  describe  somewhat  in  detail  Prof.  Bristol's  new 


Fig.  4. 


recording'  pyrometer.  Figs.  4  and  5.  which  is  also  an  extremely 
simple  instrument  and  capable  of  withstanding  ordinary  wear  and 
tear. 

It  is  well  known  that  the  actuating-  current  for  the  indicating 
arm  derived  from  a  thermo-electric  couple  is  so  small  as  to 
shut  out  all  direct  inking  or  any  continuous  direct  contact  of 
recording-  arm  with  chart.  Prof.  Bristol  employs  a  specially  prcr 
pared  chart  which  is  rotated  by  a  suitable  clock  movement,  and 
an  electrical  measuring  instrument  similar  to  the  one  previously 
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described,  controlling  a  light  recording  arm  provided  with  a 
marking  point.  The  record  chart  is  supported  only  over  a 
portion  therof,  the  remaining  portion  over  which  the  recording 
arm  acts  being  unsupported  and  perfectly  free  to  vibrate.  Vibra- 
tion is  periodically  communicated  to  the  unsupported  portion  of 
the  chart  by  a  tapping  apparatus  controlled  by  the  clock  move- 
ment. The  marking  point  is  normally  free  of  this  chart  and 
comes  in  contact  with  it  only  during  the  period  of  vibration. 
Because  of  the  delicacy  of  the  recording  arm,  no  attempt  is  made 
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to  ink  with  it,  but  through  the  vibration  of  the  chart  vibration 
is  communicated  to  it  so  that  the  impact  is  gradually  taken  up 
by  the  recording  elements  and  the  pointed  end  of  this  recording 
arm  caused  to  touch  the  chart.  The  chart  itself  is  of  the 
circular  disk  type,  8-inch  diameter,  such  as  used  in  the  usual 
recording  voltmeters,  ammeters,  pressure  gages,  etc.,  and  is  semi- 
transparently  smoked  over  its  active  surface  so  as  to  only  partly 
obscure  the  graduations.    The  surface  of  the  chart  is  so  sensitive 
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that  it  may  be  marked  by  a  hair,  and  as  the  pointed  end 
of  the  recording  arm  touches  it  a  small  amount  of  the  soot  is 
removed  leaving  a  small  white  dot  visible.  The  frequency  of 
vibration  is  such  that  a  continuous  line  is  marked  upon  the  chart 
by  the  recording  arm.  There  is,  therfore,  but  little  strain  placed 
on  the  arm  and  practically  no  friction  between  arm  and  chart  to 
affect  the  sensitiveness  of  the  movement  of  said  arm,  the  con- 
tact being  only  momentary.  After  the  record  is  complete  the 
chart  is  removed  and  fixed  by  dipping  into  a  fixative  solution. 
This  permanently  fixes  the  record  in  a  few  seconds  so  that  the 
charts  may  be  filed  away.  The  charts  are  readily  removed  and 
replaced  by  swinging  outwardly  the  entire  electrical  instrument 
with   attached   recording  arm   as   shown  in    Fig.    5.     The    said 
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electrical  instrument  is  entirely  encased  to  protect  it  from  dust, 
etc.,  the  recording  arm  being  brought  through  a  small  hole  in  the 
casing  in  the  center  line  of  the  bearings  of  the  actuating  shaft. 
The  clock  movement  and  electrical  instrument  are  further  encased 
in  a  finished  metal  box  with  glass  door  through  which  the  chart 
is  visible. 

For  recording  temperatures  above  2000°  Fahr.  platinum- 
rhodium  couples  or  platinum  rhodium  tipped  couples  must  be 
used,  as  the  cheaper  metals  and  alloys  cannot  withstand  con- 
tinuous exposure  to  such  high  temperature. 

The  platinum-rhodium  tipped  couple,  Fig.  6,  is  comparatively 
inexpensive  as  these  expensive  elements  are  made  of  just  suffi- 
cient length  to  carry  them  beyond  the  most  intense  heat  where 
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they  are  joined  to  the  cheaper  elements.  By  selecting  the  proper 
elements ;  or  by  properly  arranging  the  cross-section  or  the  dis- 
tance of  connections  from  the  hot  end  of  the  couple,  the  secondary 
electro-motive  forces  set  up  at  the  connections  of  platinum- 
rhodium  elements  with  the  cheaper  elements  may  be  made  to 
neutralize  each  other,  and  thus  the  affect  of  temperature  at  these 
points  can  be  neglected.  This  feature  considerably  reduces  the 
cost  of  the  couple. 

In  connection  with  the  recording  instrument  described,  it 
might  be  added  that  this  instrument  may  also  be  applied  to  the 
Fery  pyrometer  for  the  recording  of  temperatures  above  3000^ 
Fahr. 

The  difficulties  in  connection  with  the  use  of  a  pyrometer  have 
been  practical  and  are  not  inherent  in  the  pyrometer  as  an 
instrument.  A  delicate  galvanometer  and  a  fragile,  expensive 
couple  can  hardly  be  considered  suitable  for  general  industrial 
application.  In  fact,  until  recently  the  thermo-electric  pyrometer 
was  practically  confined  to  the  laboratories,  and  when  industrially 
applied  was  only  in  the  largest  and  most  important  works. 

The  following  abstract  of  a  letter  received  from  the  secretary 
of  a  certain  glass  works  is  instructive. 

"We  have  used  your  pyrometers  ever  since  we  obtained  them 
from  you,  and  find  that  they  give  satisfactory  results,  being 
extremely  sensitive,  particularly  for  the  heat  we  require,  800°- 
900°  Fahr.  We  use  a  couple  in  each  of  our  annealing  ovens, 
both  being  connected  with  a  switch,  so  that  we  can  test  the  heat 
of  our  annealing  ovens  at  once.  We  find  that  our  men  take 
great  interest  in  these  pyrometers,  watching  them  carefully,  and 
in  consequence  we  get  better  results  from  our  ovens  in  not  hav- 
ing any  of  the  goods  fly  or  crack." 

It  is  interesting  to  note  that  in  one  instance  at  least  the 
workmen  themselves  have  taken  a  positive  interest  in  the  pyro- 
meter. The  products  of  the  ovens  also  have  been  improved,  and 
ther€  is  an  exactitude  and  confidence  in  the  work  which  was 
impossible  before  the  introduction  of  the  pyrometer. 

This  experience  has  been  repeated  by  many  who  have  intro- 
duced a  practical  pyrometer  into  their  operations. 

It  is  very  certain  that  many  manufacturers  were  anxious  to 
use  pyrometers,  but  because  of  first  cost,  cost  of  maintenance 
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and  repairs,  great  care  and  skill  in  handling",  past  experiences  with 
pyrometers,  etc.,  were  extremely  cautious.  There  was  no  neces- 
sity of  educating  those  who  have  to  do  with  the  manufacture 
of  iron  and  steel,  tempering,  hardening,  annealing,  blueing,  or 
those  engaged  in  the  manufacture  of  brick,  pottery,  glass,  etc.,  as 
to  the  value  of  an  accurate  knowledge  of  the  temperatures  with 
which  they  were  working.  They  appreciated  this  full  well,  but 
the  pyrometer  could  hardly  have  been  said  to  have  been  an  indus- 
trial article.  With  the  introduction  of  cheaper  and  more  prac- 
tical forms  of  pyrometers,  these  people  have  seized  the  oppor- 
tunity and  have  begun  to  install  pyrometers  throughout  their 
works  and  consider  them  indispensable.  Not  only  this,  others 
have  recognized  the  value  of  a  pyrometer  for  their  particular 
wprk,  or  have  been  educated  to  the  point  where  they  see  the 
necessity  for  such  instruments,  and  pyrometers  may  now  be  found 
in  such  establishments,  as  bakeries,  jewelry  factories,  in  the 
determination  of  the  temperatures  in  the  carburetters  of  gas 
plants,  in  tests  of  locomotives  and  steam  boilers,  the  production 
of  brazing  powder,  in  connection  with  the  rolling  of  sheet  zinc, 
comparative  tests  of  electric  soldering  irons,  etc.  In  connection 
with  the  last  mentioned  test  the  two  curves,  Fig.  7,  represent 
the  result  obtained  with  an  automatic  iron  and  with  a  non- 
automatic  iron — times  being  plotted  as  abscissae  and  temperatures 
as  ordinates.  Readings  were  taken  about  every  7  Yi  seconds ; 
and  it  will  be  seen  that  it  required  the  automatic  soldering  iron 
but  51-3  minutes  to  reach  a  soldering  temperature,  whereas  the 
non-automatic  soldering  iron  required  8  J^  minutes. 

In  the  instantaneous  determination  of  the  temperature  of 
molten  metals  such  as  cast  ii"on,  copper,  brass,  and  bronze, 
the  wires  at  the  hot  end  of  the  couple  are  left  separated.  The 
couple  is  dipped  into  the  bath  which  makes  an  electrical  contact 
with  the  two  elements,  completing  the  circuit  and  immediately 
indicating  the  temperature  upon  a  suitable  indicating  device 
When  the  couple  has  worn  away  to  a  length  of  about  one  foot, 
the  fire  end  is  replaced  by  a  new  one. 

This  form  of  couple  with  pointed  ends  also  aflfords  a  most 
convenient  means  for  determining  the  temperature  of  metallic 
plates,  and  has  been  used  to  determine  the  proper  temperature 
of  the  plates  used  in  the  manufacture  of  brazing  powder,  and 
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of  zinc  plates  in  the  rolling  of  zinc  sheets.  As  explained,  this 
form  of  couple  is  sometimes  provided  with  a  small,  thin  contact 
plate  especially  when  used  to  determine  the  temperature  of  elec- 
trically non-conductive  objects. 

In  a  boiler  test  19  couples  have  been  applied  at  different  parts 
between  the  furnace  and  the  flue  and  connected  by  a  proper 
switching  device  to  a  single  indicating  instrument. 

From  the  data  obtained  a  curve  was  drawn  showing  the 
temperature   at   all   points   along  the   path   of   the   products   of 
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combustion  from  the  furnace  to  the  flue — the  abscissae  corres- 
ponding to  square  feet  of  heating  surface,  and  the  ordinates  to 
degrees  Fahr. 

The  pyrometer  has  also  been  used  to  show  the  degree  of 
super -heating — an  indicating  instrument  with  scale  of  750°  Fahr. 
being  used. 

I  quote  the  following  from  the  report  of  a  recent  locomotive 
test  in  which  a  pyrometer  was  used  while  the  locomotive  was 
running. 

"In  the  test  to-day  one  of  the  long  irons,  placed  in  the 
sufficient  distance  to  catch  the  full 
that  were  coming  round  over  the 
just    at    the    lower    end    of    the    arch; 


fire-box,  extended  in 
force  of  the  flames 
arch,    the    iron    being 


the  temperature  was  above  2,800°  at  times.     About  eight  inches 
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from  the  back  sheet  we  found  that  the  temperature  would  be 
as  high  as  i,6(X)°,  and  decreased  as  you  approached  the  sheet; 
the  temperature  just  inside  of  the  sheet  would  average  about 
1,250°,  of  course  considerable  air  coming  up  around  the  crown 
would  naturally  lower  the  temperature  at  this  point.  The  smoke 
box  temperature  ranged  from  480°  to  about  600°. 

"The  instrument  indicates  all  right,  and  will  give  satisfactory 
results.  The  point  quivers  and  vibrates  very  little  while  engine 
is  running,  a  great  deal  less  than  we  thought  it  would.  At  no 
time  was  it  sufficient  to  interfere  with  correct  reading.  After 
connecting  it  up  one  man  can  stay  in  the  cab,  and  within  a  period 
of  about  10  seconds  can  read  the  temperature  at  several  points 
in  the  fire-box,  the  boiler,  ash  pan  and  smoke  box.  It  is  simply 
a  matter  of  cutting  in  and  cutting  out  your  switches." 

In  connection  with  its  application  to  lead  hardening  baths,  it 
has  been  found  that  not  only  are  uniform  results  obtained,  but 
that  the  life  of  the  pots  containing  the  lead  is  considerably  pro- 
longed due  to  the  more  careful  control  of  temperature. 


Time  in  Minutes 

The  two  curves  (A  and  B),  Fig.  8,  show  respectively  the  fire 
temperature  and  the  temperature  in  the  box  containing  the 
articles  to  be  annealed — temperature  being  plotted  as  ordinates 
and  time  as  abscissae.  It  will  be  noticed  that  the  temperature  of 
the  box  rose  for  some  time  after  the  fire  was  shut  down. 

In  the  handling  of  many  small  parts  such  as  in  the  manu- 
facture of  watches  and  clocks,  a  very  convenient  device  has 
been  constructed  by  a  large  clock  company.  The  pot  containing 
the  articles  is  adapted  to  the  hot  end  of  the  couple  and  the 
couple  used  as  a  handle  for  inserting  the  pot  into  the  furnace 
or  into  an  ordinary  forge  fire.  By  revolving  the  pot  it  is  heated 
perfectly  uniformly,  and  is  removed  as  soon  as  the  temperature 
is  reached  as  shown  on  the  indicating  instrument,  all  guess  work 
being  thus  eliminated. 
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The  pyrometer  has  been  successfully  used  both  for  indicating 
and  recording  the  temperature  of  the  hot  blast,  gas  mains,  and 
hot  stoves  of  blast  furnaces. 

The  thermo-electric  couple  has  also  been  directly  connected 
to  a  sensitive  relay,  which  controls  a  local  circuit  or  a  second 
relay  controlling  a  local  circuit.  This  local  circuit  controls 
a  spring,  weight  or  motor  controlled  valve.  The  couple  is 
inserted  into  a  gas  furnace  and  the  primary  relay  set  to  respond 
to  a  particular  temperature.  This  temperature  may  thus  be  auto- 
matically maintained  within  predetermined  limits  by  the  auto- 
matic reeulation  of  the  fuel  supply. 

While  I  have  briefly  outlined  some  of  the  applications  of  the 
thermo-electric  pyrometer,  I  would  say  that  the  field  for  a  com- 
mercial pyrometer  appears  very  broad ;  but  that  in  many  cases  it 
is  necessary  to  educate  manufacturers  and  the  like  as  to  the 
value  of  a  pyrometer. 


DISCUSSION. 

President  Hering:  Before  proceeding  with  the  general  dis- 
cussion of  these  two  papers,  I  will  call  on  several  gentlemen  who 
are  present  who  will  contribute  some  information  on  this  subject. 
I  call  Mr.  R.  S.  Whipple,  of  the  Cambridge  Scientific  Instrument 
Company  of  England. 

jNIr.  R.  S.  Whipple:  I  should  like  to  be  allowed  to  express  my 
admiration  for  the  ingenuity  shown  by  Prof.  Bristol  in  overcom- 
ing the  cold-junction  difficulties. 

I  am  convinced  that  the  reason  why  thermo-electric  thermom- 
eters have  fallen  into  disrepute  in  some  quarters  is  because  the 
observers  have  not  sufficiently  realized  that  the  whole  of  their 
measurements  depend  on  the  difference  in  temperature  between 
the  hot  and  cold  ends  of  the  couple.  I  know  of  a  case  in  which, 
by  placing  the  thermometer  horizontally  through  the  sides  instead 
of  vertically  through  the  roof  of  the  furnace,  an  apparent  rise  in 
temperature  of  ioo°  C.  occurred.  For  this  reason  I  have  been 
urging  for  some  time  that  in  commercial  work  the  cold  junction 
should  be  inserted  into  some  sort  of  steam  bath.  In  nearly  all 
works  a  certain  amount  of  steam  is  blowing  to  waste  and  some  of 
this,  by  means  of  a  simple  form  of  hypsometer,  can  be  used  to 
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maintain  the  cold  junction  at  a  constant  temperature. 

Personally,  in  Kngland,  we  have  been  devoting  a  considerable 
amount  of  time  to  the  development  of  the  platinum  resistance 
thermometer.  This  form  of  thermometer  was  originally  sug- 
gested by  Siemens,  but  unfortunately  he  made  the  mistake  of 
winding  his  fine  wire  on  a  fire  clay  cylinder,  which,  experience 
has  shown,  afifects  the  platinum  in  some  peculiar  way.  He  also 
made  the  mistake  of  attaching  the  fine  wire  to  the  heavy  leads  by 
means  of  a  platinum  screw,  and  I  am  afraid  this  has  been  the 
source  of  a  large  number  of  errors.  H.  L.  Callendar  was  the  first 
to  suggest  the  fusing  of  the  fine  wire  to  the  leads  and  also  that  the 
fine  wire  should  be  wound  on  a  mica  frame.  These  two 
important  modifications,  together  with  the  addition  of  compen- 
sating leads,  have  produced  an  instrument  capable  of  extreme 
accuracy. 

You  can  determine  any  temperature  ranging  from  that  of  liquid 
air  to  I200°C  with  the  same  thermometer.  It  is  not  advisable  to 
employ  the  resistance  thermometer  above  i,200°C. ;  above  this 
temperature  you  must  use  the  platinum,  platinum-rhodium  couple 
or  some  form  of  optical  or  radiation  thermometer.  The  resistance 
thermometer  is  capable  of  extremely  accurate  work.  Principal 
Griffiths,  on  some  work  on  the  freezing  points  of  dilute  solutions, 
measured  differences  of  temperature  of  one-millionth  of  a  degree 
Centigrade.  Resistance  thermometers  are  largely  used  commer- 
cially, especially  for  controlling  the  temperature  of  annealing  fur- 
naces. They  may  also  be  placed  at  a  considerable  distance  from 
the  reading  or  recording  instrument. 

Fig.  I  illustrates  three  types  of  resistance  thermometers.  The 
left  hand  one  is  suitable  for  general  test  work,  the  one  in  the 
center  for  very  high  temperatures  and  that  on  the  right  for  an- 
nealing furnaces.  The  latter  is  fitted  with  a  steel  sheath  which 
can  be  readily  replaced  or  removed. 

Fig.  2  is  the  reproduction  of  a  record  of  the  temperature  of  an 
annealing  furnace.  It  is  interesting  to  compare  the  firing  of  the 
unexperienced  fireman,  B,  as  compared  with  the  older  hand,  A. 

Fig.  3  shows  the  type  of  indicator  generally  employed  with 
resistance  thermometers.  It  illustrates  a  workman  measuring  the 
temperature  of  the  hot  air  blast  in  a  blast  furnace. 

The  Fery  Radiation  Pyrometer  is  being  exhibited.     It  consists 
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Fig.  1 


Fig.  3. 


Fig.  4. 
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of  a  gilded  concave  mirror  which  concentrates  the  heat  rays  on 
to  a  small  copper-constantan  couple.  The  electromotive  force 
generally  generated  is  shown  on  a  sensitive  galvanometer  which 
can  be  made  either  direct  reading  or  recording.  Fig.  4  illustrates 
a  workman  sighting  the  Fery  I'yrometer  onto  a  piece  of  work. 
In  conclusion,  I  must  tell  you  how  pleased  I  am  to  see  the  way 
in  which  you  in  America  are  hammering  at  the  pyrometer  ques- 
tion. There  is  a  very  large  field  and  I  think  that  your  manu- 
facturers are  not  as  conservative  as  ours  are  in  England.  The 
English  manufacturer  is  apt  to  say  to  the  man  who  is  trying  to 
sell  him  an  instrument,  "Can  you  tell  me  who  else  is  using  one?" 
whereas  the  American  asks,  "Is  it  going  to  save  me  money?"  and 
when  the  answer  is  in  the  affirmative  he  gives  an  order  for  an 
instrument. 


W  paper  read  ot  the  TcntU  General  Meet- 
ing of  the  American  lilectrochemicjl 
Society,  held  in  New  York,  .V.  i'., 
October  v,  /po^,  I'resident  Ileriiis  in 
the  chair. 


THE  HERAEUS  "LE  CHATELIER  PYROMETER." 

By  Dr.  R.  Moldenke. 

The  Le  Chatelier  Pyron.ietcr  is  the  instrument  which  all  men 
of  scientific  attainments  recognize  as  having  given  the  vi^orld  a 
ready  means  of  correctly  reading  temperatures  up  to  about  3,000 
degrees  F.,  both  in  the  laboratory  antl  in  connection  with  indus- 
trial processes. 

The  measurement  by  a  sensitive  galvanometer  of  the  very 
feeble  current  caused  by  heating  the  junction  of  tv/o  different 
metals,  or  alloys,  was  carefully  studied  by  Prof.  Le  Chatelier, 
who  discovered  that  the  combination  of  pure  platinum  with  an 
alloy  of  platinum  with  10  per  cent,  rhodium  would  give  results 
entirely  reliable,  and  free  from  the  annoying  parasite  currents 
developed  when  other  metals  or  alloys  were  employed.  The 
result  was  the  now  well-known  instrument,  and  the  purpose  o£ 
the  few  remarks  to  follow  is  to  explain  the  several  points  which 
make  the  instrument,  as  brought  out  by  the  firm  Heraeus — 
(Hanau,  Germany),  peculiarly  deserving  of  attention. 

When  the  Le  Chatelier  pyrometer  was  first  brought  to  the 
attention  of  the  scientific  public,  and  its  excellencies  were  realized, 
the  German  Government,  through  its  Physicalische  Reichanstalt, 
of  Berlin,  undertook  to  determine  the  proper  length,  thickness, 
and  resistance,  of  the  couple  which  would  give  the  best  results, 
and  could  therefore  be  made  standard.  This  was  found  to  be 
a  length  of  58  inches,  a  diameter  of  the  wire  of  No.  23  B.  and  S. 
gauge,  and  a  resistance  of  1.6  Ohms.  To  get  as  near  perfection 
in  the  preparation  of  the  element  as  possible,  the  work  of  prepar- 
ation was  entrusted  to  Dr.  W.  C.  Heraeus,  the  proprietor  of 
the  platinum  works  of  that  name. 

Dr.  Heraeus.  in  working  out  the  problem  of  supplying  a 
couple  which  would  be  absolutely  uniform  and  interchangeable 
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at  all  times,  provided  two  blocks  of  the  necessary  materials 
worked  up  to  uniformity  in  structure  and  perfectly  pure.  Thus 
there  is  available  a  supply  that  will  last  far  beyond  a  life-time, 
and  the  first  as  well  as  the  last  couple  is  absolutely  the  same. 
This  feature  alone  makes  the  pyrometer  a  true  standard  and 
saves  the  busy  engineer  of  to-day  all  thought  of  adjustment, 
recalibration,  interchangeable  arrangements,  and  the  like  time- 
consuminc:  troubles.  Some  of  the  instruments  were  in  use  ten 
years  and  are  as  good  as  when  lirst  applied. 

In  its  essential  form,  the  Le  Chatelier  pyrometer  is  a  thermo- 
couple, the  free  ends  of  which  are  connected  to  the  terminals  of 
the  galvanometer  coil.  Heating  the  junction  of  the  two  wires 
of  the  thermo-couple  causes  the  formation  of  a  feeble  current, 
which,  flowing  through  the  armature  of  the  galvanometer,  turns 
it  in  the  field  of  the  permanent  magnet.  A  pointer  connected 
to  this  indicates  the  electromotive  force  in  millivolts  and  by 
careful  calibration  the  temperature  on  a  graduated  scale.  It 
^vill  be  readily  seen  that  this  exceedingly  simple  arrangement, 
if  properly  guarded  by  first  class  apparatus,  should  be  easily 
understood  and  handled  by  ordinarily  intelligent  men,  once  they 
are  shown  how  to  use  it.  Indeed,  my  personal  experience  with 
the  instrument  in  daily  use  in  the  Malleable  Cast  Iron  foundry, 
where  the  temperature  of  the  annealing  ovens  has  to  be  taken 
regularly,  and  where  a  small  fortune  is  at  stake  continually,  bears 
this  out  fully,  an  ordinary  laborer  selected  for  trustworthiness 
recording  the  temperatures  observed  for  the  benefit  of  the 
annealer  in  charge.  The  ease  with  which  the  instrument  is 
applied  in  the  particular  case  in  point  is  shown  by  the  fact  that 
where  formerly  the  Siemens'  Water  pyrometer  occupied  the 
attention  of  two  men  in  the  twenty-four  hours,  with  the  Le 
Chatelier  pyrometer,  the  galvanometer  located  centrally,  and  the 
■ovens  wired  up,  the  thermo-couple  is  introduced  into  the  oven, 
-and  while  the  man  walks  to  the  galvanometer  the  pointer  has 
reached  the  stationary  point,  the  reading  is  taken,  the  thermo- 
couple moved  to  the  next  oven,  and  so  on.  A  few  hours  in  the 
twenty-four  is  all  that  is  required,  and  the  results  are  accurate 
easily  within  twenty-five  degrees  F.  Parenthetically,  it  may 
Jt>e  said  that  the  temperature  of  the  coldest  pot  of  the  annealing 
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ovoii  for  aiiiu'iiliiiL;  iiialk'ahk'  castiiit;s  should  not  fall  below 
1,251)  decrees  1".,  nor  go  above  1,350,  this  for  the  best  results 
with  lairlv  hcavv  castings  and  on  furnace  iron.  What  sins  have 
been  coniinilled  before  a  good  pyrometer  was  available  can 
be  better  imagined  than  described.  Again  when  I  made  the 
series  of  ileterminations  of  melting  points  of  cast  iron,  and 
traced  the  connection  of  the  combined  carbon  content  with 
the  melting  point  in  regular  succession,  I  found  this  instru- 
ment invaluable,  especially  for  its  heavy  wires  and  the  con- 
sequent amount  of  punishment  it  would  stand  in  such  an  inves- 
tigation. 

An  imi>ortant  point  in  using  the  Le  Chatelier  pyrometer  is 
the  care  of  the  connection  between  the  free  ends  of  the  thermo- 
couple and  the  copper  leads  to  the  galvanometer.  Theoretically, 
they  should  be  placed  in  melting  ice.  In  commercial  work,  how- 
ever, the  slight  variation  may  be  safely  ignored,  whereas  for 
scientific  research,  greater  care  must  be  taken.  The  thermo- 
couple is  encased  in  a  porcelain  tube  where  this  can  be  heated 
up  gradually  so  as  not  to  crack.  For  taking  the  temperature 
of  molten  metals,  a  clay  tip  arrangement  is  essential,  as  this 
can  be  dipped  into  the  ladles  directly  without  injury,  and  the 
temperature  observed  within  a  half  minute  or  so.  There 
is  no  end  of  uses  for  this  pyrometer.  I  remember  examining 
the  temperatures  existing  in  an  open  hearth  glass  pot  furnace, 
where  much  difficulty  had  been  experienced  with  the  product  on 
account  of  excessive  variations  of  temperature  due  to  inability 
to  regulate  the  heat  in  the  absence  of  the  necessary  knowledge. 
The  place  for  the  thermo-couple  was  fitially  located  in  a  protected 
place  in  the  furnace,  but  it  was  interesting  to  note  the  eflFect 
of  little  cracks  in  the  silica  brick  crown,  where  the  introduction  of 
a  slight  current  of  air  gave  rise  to  a  combustion  which  melted 
off  the  couple  as  fast  as  it  was  lowered  in.  As  a  result  greater 
care  was  taken  with  the  furnaces,  and  better  glass  made. 

The  study  as  well  as  the  application  of  the  heat  treatment 
of  steel  furnishes  a  most  interesting  field  for  the  Le  Chatelier 
pyrometer,  without  which  we  would  not  be  as  far  advanced  as 
we  are.  Chemical  works,  plants  making  refractories,  potteries, 
etc.,  the  electrical  industrv,  in  fact,  but  few  industries  in  which 
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heat  is  made  use  of  can  afford  to  be  without  a  reliable  pyro- 
meter. ■  Even  the  boiler  room  can  come  in  for  a  share  of  atten- 
tion. I  remember  having  to  solve  the  smoke  problem  in  our 
plant  in  Pittsburgh,  at  one  time,  and  only  after  applying  the 
Le  Chatelier  pyrometer  to  every  possible  place  in  the  i  ,000  horse- 
power installation,  did  I  find  the  solution.  The  breeching  and 
base  of  the  stacks  gave  entirely  too  high  temperatures  for  proper 
economy.  An  investigation  of  the  grates  showed  that  they 
were  burned  out  too  often.  Smoke  poured  from  the  stacks 
of  the  overworked  boilers,  and  these  had  to  be  kept  going  at 
full  pressure  night  and  day.  The  stacks  were  raised  an  extra 
fifty  feet,  one  by  one,  making  150  feet  in  height  each.  The  coal 
now  danced  on  the  grates.  Plenty  of  oxygen  got  at  the  fuel. 
The  grates  did  not  burn  out  after  this,  and  the  boilers  gave 
full  value  and  over  without  a  particle  of  smoke.  Here  was  a 
case  where  the  best  of  stokers,  a  coal  conveying  system,  and 
ash  removal,  were  installed  with  the  highest  class  of  water-tube 
boilers,  and  yet  the  overcrowding  which  always  takes  place 
in  a  live  growing  works  brought  a  lot  of  trouble,  quickly  solved 
when  the  pyrometer  was  applied.  There  are  others  who  might 
profit  by  doing  this  at  their  plants. 

The  galvanometers  used  in  connection  with  the  Heraeus  "Le 
Chatelier"  pyrometer  are  of  the  d'Arsonval  type,  and  are  specially 
adapted  to  the  measurement  of  these  very  feeble  currents. 
They  are  made  by  the  well-known  firms  of  Siemens,  and  by 
Hartmann  &  Braun,  and,  therefore,  need  no  further  comment 
beyond  mentioning  that  they  can  also  be  obtained  of  the  record- 
ing type. 

Just  a  little  gossip  in  concluding.  The  Jury  of  Awards  of 
the  St.  Louis  Exposition,  on  which  T  had  the  honor  to  serve, 
in  giving  ]\Tr.  Engelhardt,  the  American  representative  of  the 
Heraeus  Le  Chatelier  pyrometer,  a  gold  medal  for  his  exhibit, 
and  especially  the  introduction  in  large  quantities  of  this  useful 
instrument  into  this  country  to  its  lasting  betterment  industrially, 
regretted  that  Prof.  Le  Chatelier  had  not  made  a  personal 
exhibit,  so  that  they  could  award  it  the  Grand  Prix.  Could  a 
better  recommendation  be  given  any  instrument  when  a  committee 
of  nearly  all  civilized  nations  informally  gave  expression  to  such 
a  thought. 
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(A  J^ricc  thciino-ch'ctnc  f^yroinctcr,  iiuidc  by  the  lUectric  Dental 
Siipl^ly  Co..  CIci'cland,  Ohio,  zi'as  exhibited,  mid  the  folloiving; 
deseription  of  it  t^.'cis  i^iren.) 

Two  couples  arc  shown  in  connection  with  the  instrument,  for 
demonstration  purposes,  but  out  of  the  some  125  (Hfferent 
inthistries  which  are  now  usin^-  tliis  type  of  pyrometer,  very  few 
have  the  same  kind  of  couples,  since  the  material  of  the  wires, 
and  also  their  length  and  size  in  the  couples,  depend  upon  the 
conditions  of  the  several  industries  in  which  the  instrument  is 
to  be  used.  P'or  high  temperatures,  platinum  is  required,  in 
order  to  get  reliable  results,  but  for  low  temperatures,  other 
metals  are  equally  good. 

The  two  wires  of  the  couple  are  insulated  from  one  another 
in  several  different  ways.  Where  compactness  is  of  importance, 
they  may  be  run  through  magnesia,  3^ -inch  outside  diameter, 
and  having  an  18  B.  &  S.  hole.  Another  way  is  to  secure  clay 
tubes  sufficiently  refractory  to  stand  high  temperatures,  having 
holes  pierced  through  from  end  to  end.  Sometimes,  the  wires 
may  be  held  apart  by  asbestos  cord,  woven  in  and  out ;  asbestos 
tubing-  is  excellent  where  there  is  a  great  deal  of  vibration. 

For  higher  temperatures,  which  reach  about  1,600°  C,  or 
more,  it  is  necessary  to  use  a  refractory  or  semi-clay  porcelain 
tube  which  is  closed  at  one  end,  unless  very  sudden  changes  of 
temperature  are  to  be  recorded,  when  the  end  of  the  couple  or 
junction  is  run  outside.  It  is  still  better  if  these  tubes  are  glazed 
on  the  outside,  to  prevent  any  possibility  of  contamination  to  the 
thermo-couple  by  furnace  gases. 

Where  the  heat  is  extreme,  these  tubes  are  often  again  sup- 
ported by  large  fire-clay  tubes,  to  project  through  a  short  dis- 
tance. This  prevents  the  sagging  of  the  porcelain  tube  when 
it  is  in  a  horizontal  position,  and  also  prevents  it  from  breaking. 
When  inserted  in  a  clay  tube,  it  has  been  found  to  last  three  or 
four  times  as  long. 

When  w^orking  at  higher  temperatures  with  platinum,  iridium 
and  rhodium,  it  has  been  found  better  to  use  two  couples  in  series, 
in  order  to  get  greater  precision  or  accurateness  of  temperature. 
In  this  case,  the  cold  end  of  the  couple  need  not  extend  far 
from  the  hot  one,  but  may  be  joined  there  by  certain  wires  of  a 
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metal,  which  develops  a  counter  electromotive  force,  equal  to  that 
set  up  by  the  cold  junction.  This  has  been  perfected  to  a  high 
state  of  efficiency,  allowing,  in  some  cases,  the  cold  end  of  the 
couple  to  be  at  temperatures  as  high  as  500°C.,  thus  greatly 
reducing  the  length  of  the  couple.  But  at  temperatures  less  than 
850°  or  900°,  there  are  several  metals  that  may  be  used  anc! 
can  be  relied  upon.  Brass  and  alloy  of  copper  and  nickel  gives 
a  very  high  and  steady  e.  m.  f.  Iron  used  with  the  same  alloy 
is  almost  as  good,  unless  it  is  exposed  to  injurious  furnace  gases. 

The  method  used  in  the  Price  pyrometer  for  its  indicating 
instrument,  is  to  suspend  the  armature  on  one  single  point,  since 
when  an  armature  is  suspended  between  two  points,  and  turned 
over,  sometimes  in  a  horizontal  position,  it  is  bottnd  to  cause  a 
considerable  amount  of  friction,  which  consequently  prevents 
accurate  reading  of  temperatures. 

The  incoming  leads  to  the  armature  are  crimped  suspension 
springs  extending  4  or  5  inches  above  the  armature.  Where 
they  are  attached,  the  inlets  to  the  armature  are  very  close 
together,  but  the  ends  at  the  top  are  further  apart,  to  give  the 
proper  torsion  and  resistance  to  the  current.  The  crimp  in  these 
springs  allows  a  lengthwise  spring  of  nearly  34  inch  in  that 
distance. 

When  the  armature  is  suspended  in  its  place  above  the  point, 
a  large  proportion  of  its  weight  is  carried  by  these  suspension 
springs,  and  only  enough  is  left  on  the  point  to  keep  it  centered 
around  the  core  and  in  the  field.  This  reduces  its  internal  fric- 
tion to  almost  nothing,  making  it  possible  to  get  movement  dis- 
tance, so  that  it  is  almost  impossible  to  break  them. 

The  thermo-electric  pyrometer  can  readily  be  arranged  to  give 
a  continuous  record  of  temperature.  At  every  minute,  a  tiny 
spark  leaps  from  the  indicating  needle  and  passes  through  a 
continuous  sheet  of  paper  to  a  contact  below.  This  paper  has 
marked  upon  it  the  hours,  and  parallel  lines  representing  the 
temperature.  It  is  just  as  easy  to  see  the  temperature  on  this 
recording  instrument  as  on  the  ordinary  indicating  instrument, 
as  the  paper  imderneath  the  needle,  leaves  the  ordinary  scale 
in  view  just  the  same  as  usual.  It  has  the  advantage  that  it  has 
no  inclination  whatever  to  retard  the  needle,  but  allows  it  to  show 
the  exact  measure  of  the  temperature,  both  on  the  scale  and  the 
hole  through  the  paper. 
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These  holes  appear  similar  in  llic  ])uncturc  of  a  pin.  One  of 
these  recording  instrnnients  may  be  in  a  head  office,  and  it  may 
be  a  single,  donble,  or  triple  machine,  recording  the  temperature 
of  one.  two  or  three  places  at  once,  while  at  the  plant,  for  the 
use  of  the  fireman,  is  an  indicating  instrument  connected  to  the 
same  couple  or  couples  as  that  used  by  the  recording  instrument, 
so  that  the  fireman  always  sees  just  the  same  temperatures  that 
the  recorder  is  continuously  marking.  The  wire  connecting  the 
couple  with  the  galvanometer  may  even  be  a  mile  in  length. 

For  the  calibration  of  these  instruments,  fixed  points  are,  of 
course,  required.  Copper  melted  in  a  graphite  crucible,  with  its 
surface  protected  with  powdered  graphite,  gives  a  very  definite 
and  sharp  fixed  point  at  1,084^0.  when  freezing  (Day  and 
Allen's  value  is  1,083.6°,  in  a  reducing  atmosphere).  During 
the  freezing  period,  the  temperature  remains  quite  constant, 
giving  ample  time  for  observations.  Certain  grades  of  gold  in 
a  very  loose  form,  or  rolled  exceedingly  thin  and  bunched  up 
in  a  small  bunch,  will  usually  melt  within  5°. 

The  instrument  is  very  well  adapted  for  immersion  in  small 
specimens  of  steel  and  other  metals,  for  the  study  of  the  cooling 
curves,  and  in  connection  with  annealing,  hardening,  etc. 

While  thermo-electric  pyrometers  were  formerly  used  almost 
exclusively  for  high  temperatures  only,  the  Price  pyrometer  is 
now  also  made  to  give  temperatures  below%  as  w^ell  as  above  the 
freezing  point  of  water.  When  the  outside  junction  is  carefully 
wrapped  in  wool  of  sufficient  thickness,  in  order  to  maintain 
the  temperature  uniform  (wool  being  supposed  to  be  the  best 
non-conductor  of  heat  that  we  have,  being  five  times  as  efficient 
as  asbestos),  a  very  reliable  instrument  can  be  made  to  show  the 
temperature  from  50°  below  zero  to  the  boiling  point  of  water. 
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DISCUSSION. 

Mr.  Brown  :  We  manufacture  a  number  of  different  types  of 
pyrometers,  but  I  thought  it  would  be  best  to  bring  over  two  that 
possibly  some  of  the  members  of  the  society  may  not  have  seen. 
These  pyrometers  are  of  rather  a  novel  type.  It  is  a  platinum 
instrument,  the  essential  feature  of  which  is  a  thin  strip  of 
platinum  hung  between  heavy  iron  frames.  When  the  stem  of 
the  instrument  is  inserted  into  the  heat,  the  thin  platinum  strip 
quickly  heats  up  to  the  temperature  of  the  surrounding  atmos- 
phere, whilst  the  heavy  iron  frame  is  very  slow  to  heat  up.  The 
platinum  strip  is  directly  connected  to  the  pointer  on  dial, 
through  a  multiplying  movement.  As  the  platinum  strip  is 
instantly  heated  in  the  gas  or  air,  the  temperature  of  which  we 
can  call  2,600° F.,  the  pointer  passes  around  the  dial,  due  to  the 
expansion  of  the  platinum  strip.  When  the  platinum  strip  has 
attained  the  temperature  of  the  surrounding  gas.  it  will  have 
reached  its  maximum  expansion  for  that  degree  of  temperature. 
The  pointer  will  then  cease  its  movement.  Meanwhile  the  heavy 
iron  frame  holding  the  platinum,  which  has  only  risen  in  tempera- 
ture to  possibly  200°  F.,  continues  to  expand  as  it  heats  up,  and 
begins  to  pull  the  pointer  back,  after  the  platinum  has  ceased 
expanding.  Before  the  pointer  starts  to  return,  the  temperature 
is  noted,  and  the  pyrometer  withdrawn.  As  each  instrument  is 
standardized  separately,  the  temperature  as  indicated  on  the  dial, 
is  the  correct  temperature  of  the  heated  gas.  Possibly  I  may  have 
an  opportunity  to  show  you  how  the  instrument  works,  by  means 
of  one  of  these  burners. 

This  is  a  recording  pyrometer  consisting  of  a  tube  enclosing 
graphite  rods,  and  the  recording  case  to  which  the  tube  is 
fastened.  The  graphite  rods  are  connected  to  the  movement  in 
the  case,  by  a  compensating  rod,  compensating  for  various  depths 
of  immersion  of  the  tube,  inserted  into  the  heated  gas  or  metal. 
The  indication  of  the  temperature  is  caused  by  the  expansion  of 
the  steel  tube,  and  the  non-expansion  of  the  graphite  rods.  This 
recording  pyrometer  is  for  use  up  to  1,500°  F.,  and  the  platinum 
pyrometer,  previously  described,  to  3.000° F. 
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I  have  several  records  from  the  recorcHng  pyrometer  here. 
One  of  these  records  was  made  by  this  pyrometer  in  use  on  the 
gas  main  or  downcommer  at  a  blast  furnace,  and  may  be  of 
interest.  When  the  pyrometer  is  inserted  in  the  heat,  the  platinum 
strip  will  be  totally  heated  in  15  seconds.  The  pyrometer  is  then 
withdrawn  from  the  heat.  Before  using  it  again  it  is  necessary 
that  it  shall  be  allowed  to  cool  down  to  the  temperature  of  the 
atmosphere  of  the  room,  which  takes  about  15  or  20  minutes. 
The  condition  of  the  platinum  strip  has  little  chance  to  become 
altered  with  continual  use,  as  it  is  subjected  to  the  high  tempera- 
ture for  less  than  15  seconds  at  a  test.  The  quick  acting  plat- 
imuu  pyrometer,  as  it  is  known,  is  chiefly  used  for  measuring  very 
high  temperatures. 


A  /'(//•t-r  read  at  the  Tenth  General  Meeting 
of  the  American  Electrochemical  Soci- 
ety, held  in  New  York,  October  y,  /yo6, 
I'rrsidcnt   Ilering   in   chair. 


THE  DECKER  PRIMARY  BATTERY. 

By  Profkssor  Francis  B.  Crocker. 

On  May  i6,  1888,  the  writer  read  before  the  American  Insti- 
tute of  Electrical  Engineers  a  paper  on  "The  Possibilities  and 
Limitations  of  Chemical  Generators  of  Electricity."  This  paper 
discussed  and  compared  the  various  types  of  primary  cells.  It 
was  shown  that  about  one  pound  of  zinc  and  a  few  pounds  of 
other  materials  were  capable  of  producing  a  horse-power  hour  of 
electrical  energy,  and  the  statement  was  made  that  "the  possi- 
bilities are  very,very  great."  On  the  other  hand,  little  or  no 
progress  had  been  made  with  the  primary  battery  for  almost 
a  half  century,  so  that  the  outlook  was  discouraging,  espe- 
cially in  regard  to  its  structure  and  handling.  Hence  the  con- 
clusion was  reached  that  "the  apparatus  is  at  fault,  not  the  chemi- 
cal action"  (italics  in  the  original).  Let  us  consider  briefly  the 
principal  historical  facts. 

The  original  form  of  primary  battery,  or  "couronne  de  tasses," 
which  was  the  first  known  source  of  electric  current  in  contra- 
distinction to  static  charge,  was  invented  by  Volta  in  1800.  Amal- 
gamation of  the  zinc  was  introduced  by  Sturgeon  in  1830.  The 
two-fluid  type  of  primary  cell  with  porous  cup  to  separate  the 
fluids  was  invented  by  Daniell,  in  1836.  The  use  of  nitric  acid 
as  an  electronegative  fluid  or  "depolarizer"  more  powerful  than 
the  copper  sulphate  of  the  Daniell  battery,  was  due  to  Grove, 
and  dates  from  the  same  year  (1836).  In  the  Grove  cell  a  plati- 
num negative  plate  is  employed  to  withstand  the  action  of  the 
nitric  acid,  and  Bunsen  in  1842  substituted  carbon  for  this 
expensive  metal.  Poggendorflf,  in  1842,  devised  a  single-fluid 
cell  in  which  a  solution  of  potassium  bichromate  mixed  with 
sulphuric  acid  was  used  as  a  depolarizer  instead  of  the  nitric 
acid  of  Grove,  thereby  avoiding  the  obnoxious  fumes  without 
material  sacrifice  of  power.     One  is  at  a  loss  to  point  out  any 
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radical  or  even  important  advance  in  primary  batteries  since  the 
time  of  these  fundamental  improvements.  In  other  words,  so 
far  as  the  types  now  on  the  market  are  concerned,  they  are 
not  substantially  better  than  what  might  have  been  obtained  more 
than  sixty  years  ago.  This  is  all  the  more  remarkable  when  it 
is  remembered  that  practically  all  the  modern  applications  of 
electricity,  with  the  exception  of  the  telegraph,  have  been  made 
since  1876,  a  period  only  one-half  as  long,  during  which  the 
dynamo-electric  generator  has  been  developed  from  one  horse- 
power to  ten  thousand,  its  efficiency  and  mechanical  construc- 
tion being  vastly  improved  at  the  same  time.  It  should  be  noted 
that  the  Leclanche  cell  (with  sal  ammoniac  solution  )was  brought 
out  in  1863  and  the  so-called  "dry"  batteries  about  20  years 
ago ;  but  these  types  are  applicable  only  to  intermittent  ser- 
vice, such  as  ringing  electric  bells,  and  even  for  short  periods 
are  incapable  of  giving  any  considerable  electric  power.  Hence 
they  constitute  a  special  class  adapted  to  perform  merely  light 
duties,  and  should  not  be  included  or  compared  with  batteries 
capable  of  operating  electric  lights  and  motors.  The  Lalande 
battery  was  invented  in  1881,  and  is  now^  manufactured  and  used 
to  supply  considerable  amounts  of  electric  power,  in  fact,  it  is  prac- 
tically the  only  type  of  primary  cell  employed  to  any  extent  for  this 
purpose.  Definite  statements  and  figures  in  regard  to  this  battery 
will  be  given  later. 

The  quotation  from  the  writer's  paper  in  1888,  to  the  eflfect  that 
"the  apparatus  is  at  fault,  not  the  chemical  action,"  applies  equally 
well  to  the  primary  battery  of  1906  so  far  as  any  types  now 
upon  the  market  are  concerned.  They  usually  consist  of  separate 
glass  or  porcelain  jars,  clumsy  and  liable  to  breakage;  electrical 
connections  are  made  by  wires  and  binding  posts,  inconvenient 
and  exposed  to  corrosion  as  well  as  to  mechanical  injury;  with 
no  way  to  supply  fresh  liquids  except  by  the  laborious  and  sloppy 
process  of  pouring  them  into  each  cell  separately.  A  picture  of  a 
primary  battery  in  1850  compared  with  one  of  1906,  would  show 
little  difference  in  favor  of  the  latter,  certainly  nothing  radical. 
On  the  other  hand,  compare  a  dynamo  of  1878  with  one  of 
1906,  an  interval  exactly  half  as  long!  This  Chinese  progress 
of  the  primary  battery  which  was  discouraging  in  1888  became 
more    so   as   time   went   on,   and   the   opinion    of   the    writer,    if 
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expressed  in  1904.  would  not  liave  been  much  more  favorable 
than  in  1888,  since  there  was  little  or  nothing  upon  which  to 
base  hope  of  material  advance  in  this  direction.  The  principal 
weak  points  of  the  primary  battery  are  first,  high  internal  resis- 
tance limiting  its  power  and  efficiency ;  second,  weakness  and 
looseness  of  its  parts  exposing  them  to  breakage  or  derangement ; 
third,  exposure  of  the  electrical  connections  to  corrosion  as  well 
as  to  mechanical  injury;  fourth,  the  great  inconvenience  and  the 
likelihood  of  spilling  the  liquids  when  a  battery  is  being  emptied 
of  an  old  charge  or  supplied  wnth  a  new  one;  fifth,  the  high 
cost  of  the  materials  as  well  as  labor  required  for  recharging. 
Practically  none  of  these  five  difficulties  has  been  overcome  or 
even  mitigated,  so  far  as  published  information  goes.  Recently, 
however,  it  has  been  the  writer's  good  fortune  to  examine 
and  test  a  primary  battery  in  which  the  first  four  of  these  defects 
are  actually  overcome  and  there  is  good  prospect  that  the  fifth 
will  be  largely  reduced. 

CONSTRUCTION    AND  OPERATION. 

The  battery  to  which  I  refer  has  been  developed  during  the 
last  two  or  three  years  by  Mr.  F.  A.  Decker  of  Philadelphia. 
It  is  of  the  two-fluid  type  with  zinc  plates  immersed  in  dilute 
sulphuric  acid  and  graphite  plates  in  a  solution  of  sodium  bichro- 
mate and  sulphuric  acid.  The  materials  and  chemical  action 
are,  therefore,  similar  to  those  of  other  batteries,  the  original 
features  being  found  in  the  construction  of  the  parts  and  the 
manner  in  which  they  are  put  together.  The  size  and  number  of 
plates  employed  in  each  cell  depends  upon  the  current  required, 
but  ordinarily  there  are  two  or  three  flat  zinc  plates  about  5^ 
inches  wide  by  95^  inches  high,  each  weighing  about  i  lb.  Each 
zinc  plate  and  the  dilute  sulphuric  acid  surrounding  it  are 
contained  in  a  flat  porous  cup.  In  order  to  form  such  a  cup 
two  unglazed  earthenware  plates  with  thickened  edges  and  diag- 
onal strengthening  ribs  are  shaped  separately  in  steel  moulds,  a 
special  clay  mixture  being  employed  to  obtain  any  desired  por- 
osity. These  plates  are  made  extra  thick  to  prevent  warping 
in  burning  and  produce  true,  flat  surfaces  and  straight  edges. 
They  are  then  united  to  form  a  flat  cup.  after  which  it  is  ground 
down  on  each  surface  to  the  desired  thinness.     In  point  of  fact, 
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the  finished  walls  are  very  thin,  so  that  light  will  show  through 
them,  which  enables  the  degree  of  uniformity  of  thinness  to 
be  readily  determined.  The  grinding  operation  involves  little 
time  or  skill,  being  performed  by  half-grown  boys.  In  this 
way  a  flat  porous  cup  is  obtained  perfectly  true  on  all  sides 
and  wath  walls  much  thinner  than  could  possibly  be  made  if  it 
were  attempted  to  form  a  complete  cup  in  the  first  place.  At 
the  same  time,  this  cup  is  amply  strong,  no  breakage  being  found 
to  occur  even  in  automobile  service.  Two  of  these  porous  cups, 
PP,   are   shown   in   Fig.    i.   in   combination   with   three   graphite 


plates,  G  G  G,  and  at  P,  with  a  zinc  plate  Z,  also  one  of  these 
porous  cups  sawed  through  vertically  is  seen  at  P,,  the  strengthen- 
ing ribs  on  the  interior  surfaces  as  well  as  the  thickened  edges 
being  visible.  The  exceeding  thinness  of  the  walls  of  these  cups 
tends  to  reduce  the  internal  resistance  to  a  minimum  for  any 
two-fluid  cell,  and  the  fact  that  these  walls  are  true,  permits  the 
graphite  and  zinc  plates  to  be  placed  close  together,  also  ten- 
dency to  minimize  the  resistance.  By  actual  test  it  is  only  .013 
ohms  for  a  cell  of  the  kind  described  with  two  zinc  and  three 
graphite  plates,  all  connections  and  the  resistance  of  the  plates 
themselves  being  included. 
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The  negative  plates  are  of  graphite,  being  corrugated  so  as 
to  offer  large  surface  for  the  free  action  of  the  depolarizer ;  being 
also  provided  with  thickened  edges  and  diagonal  ribs  to  give 
them  strength  as  well  as  to  decrease  their  electrical  resistance. 
Three  of  these  plates  are  represented  at  G  G  G,  in  Fig.  i,  as 
already  stated,  and  half  of  another  is  seen  at  G,.  having  been 
sawed  in  two  to  show  the  corrugation. 

The  space  around  the  porous  cups  and  graphite  plates  is  filled 
with  the  depolarizer  consisting  of  a  solution  of  sodium  bichro- 
mate mixed  with  sulphuric  acid  which  is  introduced  into  the  con- 
taining vessel  of  hard  rubber  as  explained  later.  One  of  these 
vessels  comprising  four  cells  is  shown  in  Fig.  2.  In  order  to 
asscml)lc  a  battery,  the  two  porous  cups,  P  P,  in  Fig.  I,  each 
containing  a  zinc  plate,  with  the  three  graphite  plates  G  G  G, 
are  placed  in  one  of  the  cells  of  the  containing  vessel  in  Fig  2, 
other  similar  sets  being  put  in  the  other  cells.  To  supply  dilute 
sulphuric  acid  to  the  porous  cups  each  one  communicates  through 
a  small  opening  at  the  bottom,  with  a  conduit  in  the  base  of  the 
containing  vessel.  The  two  outlets  of  this  conduit  in  each  cell 
are  shown  in  the  bottom  of  the  containing  vessel  in  Fig.  2.  The 
openings  of  the  two  porous  cups  are  respectively  connected  to 
these-  outlets  by  means  of  vulcanized  joints  free  from  leakage  or 
acid  action.  The  conduits  leading  to  the  various  cells  are  branches 
from  the  main  conduit  that  extends  the  entire  length  of  the 
containing  vessel  vmder  one  side.  The  depolarizing  fluid  is 
supplied  bv  a  similar  set  of  conduits,  but,  in  this  case,  it  is 
sufficient  to  have  one  simple  outlet  in  each  cell.  It  is  objection- 
able to  have  direct  electrical  connection  between  the  various 
cells  through  the  liquid  contained  in  these  conduits  because 
a  certain  short-circuiting  or  leakage  of  current  would  occur. 
This  is  reduced  to  an  insignificant  amount  in  the  Decker  Battery 
by  making  the  branch  conduits  of  considerable  length  and  small 
cross  section.  A  containing  vessel  of  four  cells  with  the  upper 
part  cut  off  is  shown  in  Fig.  3.  The  two  outlets  in  each  cell 
which  supplv  the  two  porous  cups  with  dilute  acid  are  con- 
nected to  the  main  conduit,  C,  by  a  branch  conduit  extending 
across  the  cell.  Similarly  the  outlet  that  feeds  each  cell  with 
depolarizer  is  connected  by  a  branch  conduit  to  the  main  con- 
duit, C,.  on  the  other  side.     In  this  way  the  total  length  of  the 
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liquid  connection  between  the  cells  is  made  very  considerable. 
The  main  and  branch  conduits  with  their  connections  to  each 
other  and  to  the  cells  and  porous  cups  are  composed  of  hard 
rubber  all  vulcanized  together,  forming  what  has  been  aptly  called 
an  irrigation  or  drainage  system  since  it  performs  both  functions. 
The  several  cells  that  make  up  the  containing  vessel  in  Fig.  2  are 
also  vulcanized  together,  so  that  the  complete  battery  with  all  its 
cells,  conduits  and  porous  cups  constitute  one  substantially  integral 
mass  with  no  loose  joints  or  parts.  The  graphite  and  zinc 
plates  as  well  as  their  connections  are  also  held  very  firmly 
in  place  so  that  the  battery,  as  a  whole,  may  properly  be  claimed 
to  be  an  integral  structure  or  unit. 

The  electrical  connections  in  batteries  have  always  been  a 
source  of  much  trouble,  being  difficult  to  make  and  still  more 
difficult  to  maintain  because  of  the  corrosive  action  of  the  liquids. 
In  the  Decker  battery  the  connection  to  each  graphite  plate 
is  made  by  a  brass  screw  extending  several  inches  into  its 
thickened  upper  edge.  One  of  these  screws  is  shown  at  S,  in 
Fig.  I,  and  the  end  of  another  is  seen  projecting  from  a  carbon 
plate  at  S^.  A\'hen  the  plate  is  in  place,  this  end  of  the  screw 
passes  out  through  a  hole  near  the  top  of  the  containing  vessel, 
being  held  firmly  by  a  nut  on  the  outside.  The  connection  to 
the  zinc  plate  is  made  by  means  of  a  long  tapering  zinc  plug 
inserted  in  a  zinc  block,  B,  and  B^,  in  Fig.  i,  enabling  the  plate 
to  be  readily  renewed,  at  the  same  time  making  a  good  mechan- 
ical as  well  as  electrical  joint.  This  zinc  block  is  held  in 
place  by  a  screw  passing  through  the  wall  of  the  containing 
vessel  with  its  head  outside.  The  carbons  of  one  cell  are  con- 
nected together  and  to  the  zincs  of  the  next  cell  by  a  brass  strip 
placed  under  the  nuts  and  heads  of  the  screws.  We  see,  there- 
fore, that  connection  is  made  to  the  graphite  plate  (impregnated 
with  parafifin  along  its  upper  edge  to  make  it  impervious)  by 
a  long  screw  embedded  in  it,  and  giving  extended  contact  sur- 
face. The  zinc  plate,  plug  and  block  being  all  of  the  same 
material  are  free  from  voltaic  action,  and  all  the  rest  of  the  con^ 
nections.  including  those  between  the  plates  of  each  cell  as  well 
as  between  the  cells,  are  external  to  the  containing  vessel.  Hence 
all  trouble  is  avoided  from  corrosion,  loose  connections  or  poor 
contacts  of  any  kind :  this  statement  being  borne  out  by  experi- 
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encc.  It  is  this  care  as  to  correctness  of  design  and  perfection 
of  details  that  frees  this  type  from  the  serious  defects  in  struc- 
ture and  operation  that  liave  characterized  primary  batteries  for 
1 06  years. 

The  two  fluids  are  caused  to  run  into,  or  out  of,  the  battery 
by   connecting  the  two  main   conduits,  C   C^,    (Fig.   3)    already 


Figs.  2.  and  3. 


described,  with  two  supply  tanks  by  means  of  rubber  or  lead 
pipes,  each  main  conduit  being  provided  with  a  socket  or  nipple 
to  which  the  pipe  is  attached.  The  fluids  may  be  caused  to  flow 
by  a  pump  or  siphon,  or  by  raising  and  lowering  the  supply 
tanks,  thereby  driving  the  liquids  into  the  battery,  allowing  them 
to  run  back  by  gravity.  This  is  the  arrangement  represented 
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in  Fig.  4,  a  battery  of  i6  cells,  being  supplied  from  two  tanks 
below.  The  switch  above,  on  the  right,  not  only  closes  the  cir- 
cuit and  lights  lamps,  for  example,  but  also  turns  air  pressure 
into  the  tanks  thus  filling  the  battery.  The  large  cell  on  the 
floor  to  the  right  is  a  type  having  lo  zinc  and  ii  graphite  plates, 
being  capable  of  giving  120  amperes,  for  6  hours,  at  an  average 


Fig.  4. 


of  1.7  volts.     It  is  intended  for  heavy  work,  having  a  lead-lined, 
containing  vessel  of  wood. 


RESULTS. 


The  results  obtainable  from  the  Decker  battery  are  shown  by 
tests  made  personally  by  the  writer.  A  cell  of  the  form  described, 
having  two  zinc  and  three  graphite  plates,  was  discharged  for 
:a  period   of   5^    hours   at   24  amperes,   the   external   potential 
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falling-  from  1.9  to  1.3  volts.  In  other  words,  the  cell  gave 
126  ampere-hours  at  an  average  voltage  of  1.73,  or  218  watt- 
hours.  The  cell  was  then  shaken  so  as  to  stir  the  liquid  and  gave 
24  amperes  for  53  minutes  longer.  This  corresponds  to  the 
condition  that  would  exist  in  electric  vehicles,  boats  and  train 
lighting.  The  total  output,  therefore,  was  147  ampere-hours  at 
1.684  average  voltage,  or  247.55  watt-hours.  As  the  complete 
cell  weighed  16  lbs.  14  oz.,  including  all  solutions,  connections, 
etc.,  the  output  was  14.7  watt-hours  per  lb.  of  total  weight,  which 
is  an  output  about  twice  as  great  as  that  obtained  from  the 
standard  types  of  storage  battery  now  manufactured  and  used. 
To  put  these  figures  in  simple  form  for  ordinary  business  pur- 
poses, it  may  be  stated  that  a  cell  weighing  17  lbs.  gives  150 
ampere-hours  at  an  average  of  about  1.7  volts,  or  about  250  watt- 
hours,  which  is  equivalent  to  one-third  of  a  horse-power-hour. 
The  output  is  nearly  15  watt-hours  per  lb.  of  complete  cell. 

In  this  connection  it  should  be  remembered,  however,  that 
the  liquid  constitutes  only  about  one-half  the  total  weight  of 
the  battery,  hence  it  would  be  possible  to  carry  in  tanks  an 
additional  amount  of  solution  equal  to  the  weight  of  the  battery, 
in  which  case  we  could  obtain  three  times  as  much  electrical 
energy  with  only  twice  the  total  weight.  In  other  words,  the 
output  would  be  22.5  watt-hours  per  lb.,  which  is  about  three 
times  that  obtainable  from  a  standard  storage  battery.  It  would 
not  be  necessary  to  renew  the  zincs  because  they  are  sufficiently 
thick  to  be  equivalent  to  three  or  more  charges  of  liquid. 

A  second  advantage  of  the  Decker  battery  compared  with  the 
storage  battery  in  addition  to  this  large  saving  in  weight,  is 
the  facility  of  recharging  it  by  simply  running  out  the  liquids 
and  refilling  with  fresh  solutions,  which  can  be  done  in  less  than 
five  or  ten  minutes  compared  with  five  hours  or  more  required 
by  recharging  a  storage  battery. 

A  third  advantage  of  the  primary  battery  is  the  fact  that 
it  has  no  limit  in  voltage  beyond  which  the  discharge  cannot  safely 
be  carried.  If  desired  it  can  be  discharged  indefinitely  until 
there  is  practically  no  power  left.  In  the  case  of  the  storage 
battery  on  the  other  hand,  it  is  very  objectionable  to  discharge 
below  1.6  volts  per  cell  on  account  of  the  danger  of  "sulphating" 
and  serious  injury  to  the  plates. 
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A  fourth  advantage  of  the  primary  type  is  the  fact  that  it  is 
not  necessary  to  recharge  it  immediately  after  the  discharge, 
whereas,  is  is  decidedly  objectionable  to  leave  a  storage  battery 
in  a  discharged  state  for  any  length  of  time. 

The  principal,  if  not  the  only  disadvantage  to  be  considered, 
in  comparing  the  Decker  battery  with  the  storage  battery,  is  the 
rather  high  cost  of  recharging  the  former. 

COST   OF   OPERATION. 

The  weight  of  zinc,  sulphuric  acid  and  sodium  bichromate 
required  to  give  i  horse-power-hour  in  the  Decker  battery,  assum- 
ing all  materials  to  be  thrown  away  after  being  used  once,  would 
cost  about  35  cents,  which  is  a  high  rate.  It  should  be  remem- 
bered, however,  that  the  several  important  advantages  which  have 
been  pointed  out,  will  offset  this  item  for  many  purposes  and  in 
many  places.  It  would  be  absurd,  of  course,  to  claim  that  any  prim- 
ary battery  can  compete  directly  with  the  dynamo  driven  by  steam, 
gas  or  water  power  whefe  such  a  source  is  available.  There  are 
applications,  however,  for  which  it  is  not  practicable  or  convenient, 
and  these  will  be  set  forth  later.  Furthermore,  the  first  cost 
of  the  battery  is  not  high  and  its  depreciation  is  very  small.  It 
is  expected,  also,  that  the  cost  of  the  materials  required  for 
recharging  will  be  much  reduced  by  recovering  or  regenerating 
them.  That  is  to  say,  the  liquids  drawn  ofT  from  the  battery 
after  it  is  discharged  are  treated  electrolytically  in  suitable  cells 
to  regain  the  zinc  and  reoxidize  the  chrome  solution.  In  this 
way,  there  would  be  very  little  actual  loss  of  materials,  and  the 
cost  of  operation  per  horse-power-hour  would  be  simply  the  cost 
of  the  electrical  energy  required  for  regenerating  the  materials 
plus  the  labor  involved.  The  latter  would  not  be  great  because 
the  liquids  could  be  transported  in  the  tanks  in  which  they  are 
sent  out  and  can  be  caused  to  flow  through  pipes  into  or  out  of  elec- 
trolytic cells.  In  this  way,  the  operation  of  recharging  this  prim- 
ary battery  would  not  cost  much  more  than  recharging  a  storage 
battery.  The  only  real  difference  in  principle  between  the  two 
cases  is  the  fact  that  the  charging,  or  regeneration  and  discharg- 
ing of  the  former,  take  place  in  different  cells ;  whereas,  both 
operations  are  performed  in  the  same  storage  cell.  So  far  as 
transportation  is  concerned  the  primary  batter}^  would  have 
decided  advantages : 
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iMrst,  because  tanks  oi  Ii(|ui(l  arc  nuieli  more  easily  portable 
tbaii  storat^e  batteries,  and  second,  the  liciuid  for  the  primary 
battery  weighs  only  one-quarter  as  much  as  an  equivalent  storage 
battery  which  must  be  carried  as  a  whole,  or  say  one-third  as 
nuich,  including  weight  of  tanks.  The  recovery  process  has  been 
experimentO(.l  upon  with  encouraging  results. 

APPLICATIONS. 

An  electric  vehicle  cannot  be  connected  with  a  dynamo  except 
through  a  trolley  wire  or  third  rail.  Where  such  connection  is 
not  feasible,  as  in  the  case  of  cabs,  pleasure  vehicles,  trucks, 
delivery  wagons,  etc.,  the  only  electrical  source  of  power 
now  available  is  the  storage  battery.  The  advantag"es  of  the 
Decker  compared  with  the  storage  battery  have  already  been 
set  forth  and  they  are  certainly  very  substantial.  The  higher 
cost  of  the  electrical  energy  which  is  the  only  disadvantage  of 
the  former,  would  probably  be  a  small  matter  in  many  cases.  The 
other  items  of  expense  in  operating  an  electric  vehicle  or  gasoline 
automobile  are  so  high,  for  example,  the  cost  of  tires,  that  a 
little  higher  rate  for  electrical  energy  would  often  be  insignificant 
or  more  than  overcome  by  advantages  gained.  Furthermore,  the 
depreciation  of  a  storage  battery  is  much  greater  than  that  of  the 
Decker  battery.  Assume  a  vehicle  storage  battery  to  have 
a  life  of  5.000  miles,  after  which  the  renewals  would  cost  at 
least  $120,  or  2.4  cents  per  mile,  being  more  than  the  cost  of  the 
electrical  energy  at  10  cents  per  kw  hour.  Hence  several  of  these 
incidental  items  are  higher  than  the  cost  of  the  energy  itself. 
What  has  been  said  in  regard  to  the  electric  vehicle  would  apply 
to  electric  boats,  the  general  conditions  of  service  being  similar. 

For  the  purpose  of  lighting  railway  trains,  the  advantages 
of  the  Decker  battery  already  explained  would  all  apply.  In 
fact  it  seems  that  this  application  is  one  of  the  most  favorable 
of  the  various  possible  uses  to  which  this  battery  may  be  put.  '■ 
The  equipments  could  be  much  more  easily  applied  to  the  cars  than 
is  possible  with  the  electric  generator  and  storage  battery 
combinations  now  used,  it  being  sufficient  merely  to  carry  the 
battery  and  tanks  of  liquid,  and  not  necessary  to  attach  and 
connect  electrical  generators  or  other  machinery.  Furthermore, 
the  power  is  obtained  without  any  drain  upon  the  power  of  the 
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locomotive  which  is  sometimes  taxed  to  its  utmost  with  a  heavy 
train  and  steep  grades. 

There  are  also  many  places  in  the  country  where  it  is  either 
not  possible,  or  not  convenient,  to  obtain  electrical  energy  by 
direct  wires  from  a  central  station  or  electrical  generating  plant ; 
in  such  cases  this  primary  battery  would  afford  a  simple  and 
convenient  source  of  supply.  Electric  lights  for  reading  and  for 
sick  rooms,  electric  fans,  advertising  lights  and  devices,  dental 
motors  and  many  other  pieces  of  electrical  apparatus  may  be 
operated  in  this  way.  The  cost  of  electrical  energy  with  regen- 
erating of  the  materials  would  not  be  much,  if  any,  greater  than 
the  rates  charged  by  electric  lighting  companies  in  some  of  the 
smaller  towns. 

The  Lalande  tyjie  is  the  only  primary  battery  now  on  the 
market  from  which  any  considerable  current  in  amperes  or  power 
in  watts  can  be  obtained.  One  of  these  cells  having  approximately 
the  same  total  watt-hour  capacity  as  the  Decker  cell  described, 
weighs  25  lbs.  compared  with  17  lbs.  It  is  not  practicable,  how- 
ever, to  discharge  it  at  even  one-eighth  the  rate  in  watts  obtain- 
able from  the  Decker  cell,  the  latter  weighing  only  about  two- 
thirds  as  much.  It  is  also  a  fact  that  the  voltage  of  the  Lalande 
type  when  giving  considerable  current  is  very  low.  falling  to 
.3  or  .4  volts  with  currents  of  10  or  12  amperes,  whereas,  the 
Decker  cell  weighing  only  17  instead  of  25  lbs.  gives  24  amperes 
at  1.9  volts  initial  and  1.7  volts  average. 

One  might  think  that  at  35  cents  per  horse-power-hour,  the  cost 
of  energy  given  for  the  Decker  cell  would  be  prohibitive,  but, 
nevertheless,  the  cost  of  about  five  dollars  and  thirty  cents 
($5.30)  for  the  same  amount  of  energy  for  cells  of  the  Lalande 
type  has  not  been  found  prohibitive,  since  batteries  of  this 
class  have  been,  and  are  being  used  in  large  numbers. 

It  is  evident  from  the  statement  of  facts  contained  in  this 
paper  that  Mr.  Decker  has  made  a  remarkable  advance  in  the 
primary  battery  art. 
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DISCUSSION. 

Mk.  Si'KURV  :  I  would  like  to  ask  about  those  weights.  How 
mucli  of  the  battery  weighs  seventeen  pounds? 

Pkuf.  Croker:  One  cell.  These  three  cells  would  therefore 
weigh  fifty-one  pounds  complete  with  solution.  The  cell  I  tested 
that  gives  one-third  of  a  horse  power-hour  weighs  a  little  less 
than  seventeen  pounds.  These  cells  may  be  different.  The  same 
proportion  would  hold  true. 

]\1r.  SpKRRY  :  What  part  of  the  additional  plant  ought  we  to 
include  as  the  operating  weight  ?  Your  photograph  includes  quite 
a  plant  other  than  what  we  have  on  the  desk  there.  How^  much  of 
that  ought  to  be  included? 

Prof.  Crocker  :  You  have  got  to  have  two  supply  tanks  and 
could  run  in  the  licjuids  through  a  rubber  tube. 

^1r.  Si'ERRY :  Have  you  the  curve  of  discharge  at  different 
rates  ? 

Prof.  Crocker  :  No. 

Mr.  SpErry  :  I  should  think  these  would  be  essential. 

Prof.  Crocker:  It  is  fully  as  constant  in  voltage  as  a  storage 
battery. 

AIr.  SpERRY':  Then  its  voltage  would  be  seventeen-twentieths 
of  that  of  the  storage  cell. 

Prof.  Crocker  :  The  average  voltage  for  the  total  discharge 
carefully  calculated  from  the  discharge  curve  was  1.7. 

Mr.  Sperry":  Has  any  test  been  made  on  the  rough  usage? 

Prof.  Crocker  :  Yes,  it  has  been  used  on  an  automobile. 

]\Ir.  Sperry'  :  It  seems  that  those  graphite  plates  are  rather 
fragile. 

Prof.  Crocker  :  I  do  not  think  they  are.  They  have  thickened 
edges  and  the  corrugation  tends  to  make  them  stronger  than  the 
same  weight  of  plate  not  corrugated. 

Mr.  Sperry:  You  haven't  put  it  in  actual  use,  on  a  beer  truck 
for  instance,  and  severe  tests  of  that  kind  run  over  rough  pave- 
ments? 

Prof.  Crocker:  It  has  been  operated  in  an  automobile  and  in 
one  case  the  automobile  got  away  from  its  driver,  and  ran  up  on 
the  sidewalk  and  into  a  fence.  It  was  not  intended  to  make  that 
test,  but  it  did  happen.     The  battery  was  not  injured,  although 
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the  machine  ran  over  a  granite  curb  and  into  a  fence,  and  the 
vehicle  itself  was  considerably  injured. 

Mr.  F.  a.  Decker:  Regarding  the  question  you  have  just 
asked,  Mr.  Sperry,  I  would  say  that  in  the  past  two  years,  in  all 
kinds  of  weather,  we  have  tested  this  battery  and  made  every 
attempt  to  discover  its  weak  points.  We  have  not  found  it  nec- 
essary .to  make  any  great  changes  regarding  the  structure  of  the 
cells,  or  reinforcement  to  the  porous  cups. 

Regarding  the  first  question  you  asked,  as  to  the  additional 
weight  to  the  battery  of  the  lead  tubes  used  in  filling,  we  will 
imagine  we  have  a  battery  of  30  cells.  The  size  of  the  tubes  will 
vary  with  the  number  of  cells  in  the  battery  to  be  filled.  To  fill 
a  battery  of  30  cells  the  tubes  would  probably  weigh  about  a  pound, 
This  would  mean  that  the  additional  weight  chargeable  to  each 
cell  would  be  very  small. 

Mr.  Sperry  :  I  did  not  understand  that  all  those  were  coupled 
up. 

Mr.  Decker:  It  would  be  very  inconvenient  to  bring  here 
ten  or  fifteen  cells  coupled  up. 

Mr.  Sperry:  I  understand  that  this  is  vulcanized. 

Prof.  Crocker  :  Yes,  as  a  unit.  The  cells  and  conduits  are  all 
vulcanized  together.  There  is  nothing  loose  about  it.  It  is  one 
integral  mass. 

Mr.  Sperry  :  Of  course  a  great  many  attempts  have  been 
made  to  improve  storage  batteries  by  a  number  of  engineers  and 
a  great  many  attempts  have  been  made  to  make  these  connec- 
tions out  through  the  side  of  the  cell  as  in  the  case  of  the  connec- 
tions before  us.  Sulphuric  acid  is  used  here  the  same  as  is  used 
in  storage  batteries  and  really  the  exterior  liquid  is  more  violent 
than  sulphuric  acid ;  attempts  to  bring  conductors  from  storage 
cells  out  to  the  side  has  resulted  disastrously  heretofore,  as  you 
will  recall  in  storage  batteries  that  are  successful,  these  con- 
ductors have  to  be  brought  out  from  the  top.  The  seepage,  creep- 
ing and  leakage  are  so  extremely  corrosive  that  it  has  always 
been  found  to  be  impracticable. 

President  Hering:  I  can  answer  one  question  of  Mr.  Sperry's. 
I  think  he  will  find  that  the  corrosion  of  the  positive  terminal  of 
an  accumulator  takes  place  when  the  battery  is  being  charged. 
It  is  the  oxidation  that  corrodes  those  terminals.     In  these  pri- 
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tiuirv  battoiios,  however,  tlie\-  are  not  recliargcd  in  place,  there- 
fore the  same  leiulency  to  oxiilation  of  the  positive  terminals  does 
not  exist.  .\s  for  the  resistance  of  those  connecting-  cokmins  of 
hquids,  Mr.  Sperry  will  find,  if  he  will  make  the  calculation,  that 
a  long  column  of  liquid  of  small  cross  section  has  a  very  high 
resistance.  1  have  made  that  calculation  myself  and  was  sur- 
prised to  see  how  little  leakage  there  would  be  through  that 
resistance. 

Prof,  Crocker:  The  internal  resistance  is  .013  ohm  per  cell, 
which  is  an  exceedingly  low^  figure  for  a  primary  battery.  I  have 
seen  results  even  less  than  that. 

Mr.  Sperry:  Of  course  that  is  high  as  compared  with  the 
internal  resistance  of  a  storage  battery  of  same  capacity. 

Prof.  Crocker:  Well,  is  it? 

Mr.  Sperry  :  It  compares  quite  favorably  in  point  of  size  to  a 
storage  battery  of  the  same  capacity  and  also  as  to  bulk. 

Prof.  Crocker  :  The  discharge  rate  is  higher. 

Mr.  Tucker  :  For  isolated  plants  the  preparation  of  the  battery 
fluid  would  seem  to  present  some  difficulties.  In  the  case  of  stor- 
age batteries  the  preparation  of  the  electrolyte  is  troublesome 
enough,  and  here  w^e  have  the  addition  of  the  bichromate. 

I  would  like  to  know  what  the  local  action  amounts  to  in  a 
battery  of  a  certain  weight  or  capacity. 

Prof.  Crocker  :  The  theoretical  weight  of  zinc  that  should 
have  been  consumed  to  give  one-third  of  a  horse  power-hour  is 
0.392  lbs.  Actually  the  consumption  was  0.444  lbs.  Some  of  the 
tests  we  have  made  show  a  better  result.  I  think  you  can  easily 
get  88  per  cent,  zinc  efficiency.  In  other  words  the  local  action 
is  12  per  cent.  That  is  not  excessive  of  course,  but  it  would  be 
better  if  reduced. 

Mr  Tucker:  Would  that  12  per  cent,  loss  take  place  if  the  bat- 
tery was  unused? 

Prof.  Crocker:  Yes,  I  think  it  would.  On  the  other  hand, 
lowering  the  discharge  rate  does  not  seem  to  reduce  the  efficiency 
of  the  output. 


.•I  fiif'er  read  nt  the  Tenth  General  Meet- 
ing of  the  American  Electrochemical 
Society,  held  in  New  York,  N.  Y., 
October  S.  1906,  President  Bering  in 
the  chair. 


ULTRA-VIOLET  LIGHT  IN  THE  LABORATORY  AND  IN 
PRACTICE. 

By  Charles  Baskhrville. 

Lenard^  in  1900  noted  that  ultra-violet  light  may  ozonize 
oxygen.  The  source  of  this  light  of  short  wave-length  used  bv 
him  was  a  spark-gap,  the  light  being  transmitted  through  quartz. 
It  could  be  intercepted  by  sheets  of  mica. 

Three  years  later,  Goldstein-,  with  liquid  air,  condensed  ozone 
produced  outside  of  Geissler  tubes.  Unless  the  glass  were  per- 
meable to  the  ultra-violet  rays,  that  is,  composed  largely  of 
quartz,  no  ozone  was  obtained. 

The  next  year  Warburg''  found  that  during  the  silent  electric 
discharge,  the  familiar  method  for  ])ro(lucing  ozone  in  a  Siemens' 
tube,  ultra-violet  light  and  cathode  rays  were  obtained  and  the 
production  of  ozone  might  be  attributed  to  these  rays. 

This  savant  in  collaboration  with  Regener*  used  a  differential 
ozonometer  with  quartz  capillary  and  learned  that  not  alone  was 
an  ozonizing  influence  exercised  by  the  ultra-violet  light,  but 
as  well  a  de-ozonizing. 

Clement^  has  shown  that  ozone  is  rapidly  destroyed  bv  increase 
in  temperature.  Fischer  and  Braehmer*'  confirmed  this,  and  by 
using  a  quartz  mercury-lamp  for  the  source  of  the  ultra-violet 
light  demonstrated  beyond  question  the  ozonization  of  oxygen 
under  that  influence.  ]\Ianganese  glass  exposed  a  few  hours 
to  this  ultra-violet  light  acquires  the  coloration  observed  in 
it  after  long  exposure  to  sun  light. 

These  writers  put  forward  the  suggestion  that  ozone  is  formed 

''■  Ann.   Phys.,  j,  486. 

2  Berichte,   36.   3042. 

3  Ann.   Phys.  ij,  475. 

*  Sitzungsber.    Preuss.    Akad.    d.    Wiss.,     1904,    1228. 
BAnn.    Phys.,   14,   334    (1904). 
•Berichte,   38,   2633    (1905). 
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in  the  higher  portions  of  the  atmosphere  by  the  unabsorbed  ultra- 
violet rays,  sinks  to  lower  regions  and  is  decomposed  by  oxidiz- 
able  substances. 

Regener",  has  determined  that  ultra-violet  light  rays  of  wave- 
length smaller  than  200  fj-ix  produce  ozone,  whereas  the  rays 
with  wave-length  of  about  257  ft/u,  or  higher  decompose  it. 
Therefore,  we  have  a  double  action  of  the  ultra-violet  light.  The 
apparently  spontaneous  de-ozonization  is  similar  to  that  of  the 
influence  of  the  elevation  of  temperature.  An  interesting  and 
wide  field  of  investigation  is  thus  opened  up  for  the  study  of 
the  action  of  ultra-violet  light  of  different  wavelengths.  We 
have  been  using  a  mixture  of  reagents,  as  it  were. 

Regener  has  also  shown  that  the  ultra-violet  rays  of  small 
wave-length  decompose  ammonia,  nitrogen  monoxide  and  nitrogen 
dioxide.  Many  chemical  effects  now  known  are  manifested  under 
the  influence  of  the  silent  electric  discharge.  Nearly  all  gases  and 
mixtures  of  gases,  except  the  noble  ones,  are  capable  of  at 
least  one  chemical  reaction  under  its  influence.  It  has  been 
almost  demonstrated  that  the  silent  discharge  is  similar  to 
the  action  of  ultra-violet  light  and  when  that  is  definitely  accom- 
plished our  knowledge  of  photographic  chemical  phenomena  will 
have  acquired  a  much  broader  field. 

Ramsay  and  Spencer^  have  recently  studied  some  chemical  and 
electrical  changes  induced  by  ultra-violet  light.  x\n  electro- 
scope charged  positively  is  discharged  by  ultra-violet  light. 
When  negatively  charged  this  does  not  occur.  A  conclusion  was 
drawn  from  the  work,  which  indicates  that  elements,  and  com- 
pounds, when  illuminated  by  ultra-violet  light,  discharge  cor- 
puscles. 

It  has  long  been  known  that  willemite  (zinc  orthosilicate) 
phosphoresces  under  the  influence  of  ultra-violet  light.  If  there 
be  one  thing  in  science  that  is  attractive,  it  is  the  seeing  of 
the  invisible.  Ever  since,  and  even  before  the  days  when  Cas- 
cariolo  in  1602  discovered  what  is  now  called  "Canton's  phos- 
phorus," people  have  been  actively  interested  in  the  phenomena 
of  phosphorescence  and  fluorescence.  It  may  be  said  to  have 
eventuated  in  the  discovery  of  radium. 

^  Ann.   Phys.,  so,    1033    ("1906). 
*  Chem.   News,  94,  77     (1906). 
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Many  luuinal  siibstaiKcs  have  been  found  which  j^luw  in  the 
dark  under  various  influences.  In  the  course  of  a  prolonged 
study  of  the  elaborate  Morgan-Tiffany  collections  of  gems  and 
minerals  in  the  American  Museum  of  Natural  History,  Kunz  and 
the  writer  exposed  thirteen  thousand  specimens  to  ultra-violet 
rays.  The  light  used  was  obtained  by  sparking  a  high  tension 
current  among  iron  terminals  in  the  lamp  devised  by  Piifard. 
Only  one  or  two  of  the  many  interesting  observations  will  be 
noted  here. 

First,  in  examining  the  spodumenes  a  new  ]Mnk  one  obtained 
from  California  phosphoresced,  showing  a  marked  difference 
from  the  other  varieties.  This  was  proved  to  be  new  and  the 
beautiful  gem  has  been  named  Kinicitc  in  honor  of  my  colleague 
in  the  investigations. 

Second.  One  of  the  most  phosphorescent  minerals  observed 
was  colemanite.  In  the  examination  I  was  surprised  to  note  that 
every  mineral  obtained  from  Mono  Lake  phosphoresced.  These 
minerals  obtained  from  other  sources  varied  very  much  in  their 
conduct.  These  do  not  crystallize  alike,  hence  the  phenomenon 
cannot  be  explained  on  that  basis.  They  vary  widely  in  their 
chemical  composition  as  may  be  seen  from  this  list. 

Colemanite.  CaoBgOn.sH.O 

Glauberite,  NaoS04.CaS04 

Borax,  Xa,B,6,.IoH,0 

Polyhalite,  2CaS0,.M"gS0,.K,S04.2H,0. 

Halite,  XaCl 

Celestite,  SrSO, 

Thenardite,  Na2S04 

Gypsum,  CaS64.2H20 

Hanksite,  4Na.S04.Na2C03 

Xorthupite.  MgCO3.NaXO3.NaCl 

Pirssonite,  CaC03.NaX'03.2H„0. 

Investigators  of  phosphorescent  substances  prepared  in  the  labor- 
atory have  proved  the  need  of  some  impurity  in  the  material  or  the 
presence  of  something  other  than  that  looked  upon  as  necessary 
to  produce  the  actual  chemical  compound.  This  has  been  done 
in  the  case  of  the  phosphorescent  sulphides.  Mr.  Bourgougon  of 
this   laboratory  has   prepared    w^illemite,   pure   zinc   orthosilicate, 
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and  it  does  not  phosphoresce,  but  with  the  addition  of  manganese 
and  other  metallic  oxides  in  small  amounts,  splendid  artificial 
willemite  has  been  made.  Humphreys  has  found  the  yttria 
earths  in  the  fluorspars,  and  I  have  noted  that  chlorophane,  the 
most  responsive  of  all  of  these  fluorides,  contains  nearly  one 
per  cent,  of  the  yttria  earths. 

Some  one  has  said  that  prophecy  is  the  most  gratuitious  mis- 
take, but  to  my  mind  there  must  be  something  not  recognized  in 
the  ordinary  analyses  of  those  minerals  from  Mono  Lake,  and 
from  them  may  come  an  element  for  a  vacant  place  in  Mendele- 
jeflf's  table. 

The  artificial  wollastonite  (calcium  metasilicate),  and  the 
pseudo-wollastonite  made  by  Day  and  Allen  show  a  marked 
difference  under  the  influence  of  the  ultra-violet  light.  The 
pseudo-wollastonite  glows  in  the  dark  and  may  be  readily  sep- 
arated from  the  norm.al  preparation. 

On  account  of  the  brilliant  response  willemite  gives  to  the 
ultra-violet  light,  at  my  suggestion  it  has  been  placed  in  the 
concentrating  rooms  of  the  Xew  Jersey  Zinc  Co.,  where  large 
quantities  of  that  mineral  are  prepared  for  the  furnace  daily. 
A  perfect  control  is  thus  had  over  the  waste  in  the  tailings. 

We  frequently  use  the  lamp  in  the  laboratory  for  the  examin- 
ation of  precipitates,  before  and  after  burning.  I  am  inclined 
to  think  it  will  serve  a  greater  purpose  as  has  been  indicated. 


DISCUSSION. 

Dr.  \\'.  D.  Bancroft:  Regener  has  shown  that  light  with  a 
wave-length  between  200  /j-ij.  and  300  fifj.  destroys  ozone,  while 
light  of  less  than  200  fxfx  changes  oxygen  into  ozone.  Does  Dr. 
Baskerville  know  of  any  screen  or  solution  which  will  absorb  the 
wave-lengths  of  200-300  /u./m  while  permitting  the  shorter  wave- 
lengths to  pass?  If  we  had  such  a  light-filter,  it  would  be  possi- 
ble to  obtain  more  ozone  commercially  with  the  same  expenditure 
of  power. 

I  understand  that,  with  the  ultra-microscope,  it  has  been  possi- 
ble to  see  the  particles  of  sodium  set  free  when  rock  salt  is  col- 
ored by  the    cathode    rays.      Can    any    similar    phenomenon    be 
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observed    with   any   of    the    transparent,     fluorescing    or    phos- 
phorescing- minerals? 

Mr.  K.  a.  Si'ERRv:  Mr.  Hammer,  who  has  had  considerable 
experience  in  this  field,  and  has  lectured  upon  the  subject  before 
the  Society,  is  present,  and  I  suggest  that  he  be  asked  to  address 
the  meeting. 

Mr.  William  J.  Hammer:  I  have  been  much  interested  in  Dr. 
Baskerville's  lecture  and  wish  to  take  the  liberty  of  calling  atten- 
tion to  several  matters  which  occur  to  me.    'Referring  to  the 
willemite  screens  which   Dr.   F.askerville   has   shown,   I   wish  to 
state  that  my  friend,   Mr.  W.   S.  Andrews,  made  such  screens, 
employing  both  natural  and  artificial  willemite,  a  long  time  ago, 
and  I  have  in  my  possession  several  such  screens  vv^hich  he  gave 
me  several  years  ago.     I  wish  to  take  exception  to  Dr.  Basker- 
ville's  statement  regarding  the  specimen  of  willemite  which  he 
has  shown  as  having  been  the  first  specimen  stimulated  by  the 
rays  of  radium.     I  believe  I  was    the    first    person    to    take    up 
actively  in  this  country  the  work  with  radium  and  I  had  the  honor 
of  delivering  a  lecture  upon  radium  and  other  radio-active  sub- 
stances, ultra-violet  light,  etc.,  at  the  first  joint  meeting  of  the 
American   Electrochemical   Society  and   the   American   Institute 
of  Electrical  Engineers,  as   far  back   as  April    17th.    1903.   and 
at  about  this  time  I  had  made  up  various  mixtures  of  radium 
with  phosphorescent  and  fluorescent  substances,  using  willemite, 
sulphides  of  zinc,  calcium  and  many  other  substances.    I  had  the 
pleasure  of  showing  certain  of  these  mixtures  to  Dr.   Basker- 
ville  at  my  laboratory  before  he  and  Mr.  Kunz  took  up  this  work, 
and  I  have  therefore  been  interested  to    note    that    Mr.    Kunz 
has  recently  taken  out  a  couple  of  patents  on  mixtures  of  radium 
with  phosphorescent  and  fluorescent  substances.     A  combination 
of  radium  and  sulphide  of  zinc  which  I  secured  at  the  Curie  Lab- 
oratory was  shown  at  my  lecture  before  this  societv  as  well  as 
many  phosphorescent  and  fluorescent  substances  which  I  stim- 
ulated with  both  the  mercurv  arc  lamp  and  the  ultra-violet  lic^ht 
produced  by  Dr.  Piffard's  form  of  lamp,  which  is  a  modification 
of  the  Gorl,  Bang,  Finsen,  and  other  lamps  made  abroad.     Dr. 
Pififard's  lamp  is  a  very  useful  device,  but  it  might  be  stated  that 
the  study  of  minerals  with  the  spark  gap  is  some  forty  vears  old 
and  anyone  desiring  to  study  willemite  and  other  substances  with 
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ultra-violet  light  can  do  so  most  successfully  by  using  iron  wire 
as  the  electrodes  of  the  secondary  of  an  induction  coil,  shunting  or 
bridging  the  spark  gap  with  a  Leyden  jar  or  condenser.  The 
mercury  arc  is  an  exceedingly  suitable  stimulant  for  phos- 
phorescent substances,  but  a  note  of  warning  should  be  given  to 
those  utilizing  lamps  of  quartz  such  as  the  Heraeus  lamp,  as  the 
ultra-violet  light,  which  penetrates  glass  very  slightly,  passes 
readily  through  the  quartz  tube,  and  I  know  of  two  persons  who 
have  been  incapacitated  for  months  after  examining  the  quartz 
tubes  for  only  a  very  short  space  of  time.  I  am  interested  in  what 
Dr.  Baskerville  says  about  the  importance  attached  to  the  exam- 
ination of  the  minerals  produced  by  the  New  Jersey  Zinc  Co.,  as 
I  offered,  nearly  three  years  ago,  to  take  my  ultra-violet  outfit 
into  their  mines  at  Franklin  and  make  a  study  of  the  willemite 
and  other  \leposits  in  the  mine,  but  at  that  time  the  matter  seemed 
to  be  of  little  interest  to  them,  although  I  was  given  permission  to 
visit  the  mine  with  a  view  of  procuring  specimens  of  willemite, 
of  which  I  have  a  large  collection. 

Several  years  ago,  in  common  with  others,  I  made  some  inter- 
esting investigations  into  the  opacity  of  minerals  to  various 
rays,  especially  those  of  Radium  and  Roentgen  Rays,  and  in  con- 
nection with  experiments  in  imparting  radioactivity  to  various 
substances,  made  an  experiment  which  may  prove  of  interest. 
I  placed  eight  small  fish  of  four  varieties  and  of  about  the  same 
size  in  each  of  two  small  aquariums,  placed  about  thirty  feet 
apart,  the  aquariums  were  filled  with  fresh  water  at  the  same 
time  and  from  the  same  source.  I  then  dropped  some  sealed  glass 
tubes  containing  radium  in  one  aquarium,  and  subsequently  all 
the  fish  died  which  had  been  thus  exposed  to  the  radium,  whereas 
all  the  fish  in  the  other  aquarium  lived.  I  then  took  two  gold  fish 
which  had  become  radioactive  as  they  swam  about,  and  after 
drying,  laid  them  upon  an  X-ray  plate  previously  covered  by  two 
sealed  envelopes,  one  black  and  one  orange,  which  were  totally 
opaque  to  light  rays,  and  the  dead  fish  made  excellent  radio- 
graphs of  themselves  by  means  of  their  stored-up  radioactivity. 
I  have  the  fish  and  their  radiograph  mounted  and  framed,  still  in 
my  possession. 

Mr.  Baskerville  :  I  know  of  no  screen  w-hich  accomplishes 
such  ligfht-filtration  asked  about  bv  Mr.  Bancroft.     I  wish  I  did. 
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With  reference  to  Mr.  Hammer's  remark,  tlnit  I  have  a  patent 
on  mixtures  of  raiHum  salts  and  certain  phosphorescent  bodies, 
I  beg  leave  to  say  that  no  patent  has  ever  been  issued  to  me. 

r  may  he  in  error  with  regard  to  the  sample  of  willemite 
referred  to.     Jf  so,  I  am  only  too  ready  to  correct  it. 

With  regard  to  willemite  screens,  will  say  that  Mr.  Andrews 
has  made  screens  from  our  preparations,  which  we  were  glad  to 
supply  him.  The  previously  reported  artificial  willemite  one 
hears  of  in  Europe,  a  sample  of  which  is  in  my  possession,  is 
not  synthetic  willemite.  The  European  product  shows  the 
presence  of  soluble  salts,  /.  e.,  chlorides  or  sulphates.  Ours  was 
made  from  purified  zinc  and  silicon  oxides,  in  molecular  propor- 
tions, for  the  ortho-silicate.  Variable  amounts  of  manganese  and 
other  oxides  were  added  to  different  preparations, ,  with  conse- 
quent different  behavior. 
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